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Gastroptosis is characterized by a lengthweise extension of the stomach 
such that the greater curvature is not held on the level of the navel but 
reaches down into the little pelvic cavity. When the tension of the stomach 
relaxes, the stomach shows a state of atonic gastroptosis, and the external 
aspect of the patients is often called Habitus atonicus. Such cases may 
well be accompanied by low blood-pressure, the question of primary or 
secondary genesis in this complication being unimportant. 

From this point of view, the changes of blood-diastase, -sugar and 
-glycogen, which are closely connected with digestion or absorption, have 
been investigated in the gastroptotic patients, and then the relations or 
multiplied relations between gastroptosis and low blood-pressure observed. 


EXPERIMENTAL 
Methods 


In the case of gastroptosis the X-ray image of the lesser curvature- 
edge always appears under the level of the navel or iliac crest at any possi- 
ble phase of stomach peristalsis when the stomach is given about 400 cc. 
contrast media. 

It this study, when the maximum blood-pressure runs constantly 
higher than 150 mm. Hg, it is called hypertension ; and when the maximum 
blood-pressure usually runs lower than 110 mm. Hg, it is called hypotension. 

The subjects were 75 persons, from 15 to 66 years of age (an average 
of 33.5 years), selected from out- and in-patients with internal ailments, 
from members of our hospital, and from girls of our nursing school: 

The blood-diastase was estimated by Baltzer’s method,') the blood- 
sugar by Hagedorn-Jensen’s method and the blood-glycogen by the 
Golanda’s method.?) In these examinations the blood was taken with 
the patient in hungry condition before breakfast and usually from an 
anticubital vein, and was immediately mixed with 2 mg. sodium citrate 
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per 1 cc. blood in order to prevent coagulation of the blood. The gastric 
juice was drawn out with the duodenal tube at regular intervals, and its 
acidity estimated. 


Results 


The blood-diastase, -sugar and -glycogen values of the control group 

Prior to this experiment a number of healthy persons and others 
whose stomachs were in normal condition but who exhibited hyper- or 
hypotension were selected as controls. Of course, the persons of the 
latter group were supposed not to have suffered from any liver, kidney, 
or lung disease etc. The control group of 24 cases consisted of 12 males 
and 12 females and was divided into three type-groups, 6 cases with low, 
13 with normal and 5 with high blood pressure. 

Normal stomach and normal blood pressure (13 cases) 

With the exception of No. 3, the blood-diastase values in all cases 
ranked from 177 to 401 mg/dl and the average value was 243 mg/d). 
These values approximated the range shown in Yamagata’s work’? i.e. 
from 166 to 429 mg/dl. The blood-sugar values were normal, i.e. from 
81 to 101 mg/dl. The blood-glycogen values lay between 8.3 and 13.2 
mg/dl, which accorded approximately with the normal range of 8.6 to 
13.3 mg/dl previously reported by Sikinami and his co-workers*). 

Normal stomach with hypotension (6 cases) 

The blood-diastase values were normal, i.e. between 243 and 422 
mg/dl; the blood-sugar values were also normal, i.e. from 84 to 120 mg/ 
dl; and the blood-glycogen values, ranging from 8.3 to 11.6 mg/dl, were 
also normal. 

Normal stomach with hypertension (5 cases) 

The blood-diastase values were normal, i.e. from 259 to 433 mg/dl. 
Except for No. 20, the blood-sugar values were normal, i.e. from 88 to 
104 mg/dl. The blood-glycogen value in No. 23 was a bit high, but in 
the other 4 cases these values were normal, ranging from 9.5 to 10.7 mg/dl. 

From these control experiments it may be concluded that the blood- 
diastase, -sugar and -glycogen values in patients with no stomach disease 
are normal regardless of differences in blood-pressure. 

These Results are shown in Table I. 

The blood-diastase, -sugar and -glycogen values of gastroptotic patients 

The examined gastroptotic patients numbered 51 in all; 7 cases 
with normal blood pressure, 36 cases with low, and 8 cases with high. 
There were 12 males and 39 females. 

Gastroptosis with normal blood-pressure (7 cases) 

Except for No. 29, all cases exhibited the normal blood-diastase values 
of 196 to 324 mg/dl. The blood-sugar values also showed the normal 
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TaBLe I 
Experimental Results of Normal Stomach Cases 
Subject ! Blood 
—— Blood-pressure ; - - = 
° Name Sex Age (mm.Hg.) Diastase Sugar Glycogen 
c ; (mg/dl) (mg/dl) (mg/dl) 
1) Normal blood pressure 

1 S.M. 2 21 120- 60 296 | 85 13.2 
2 I.K. 2 26 120- 70 372 92 | 10.7 
3 H.A. g 19 120- 70 551 83 11.0 
+ S.S. $ 29 130- 60 306 88 10.2 
5 R.K. $ 30 130- 70 401 90 8.5 
6 M.F. 6 21 120- 70 222 93 11.9 
7 S.T. r.) 51 130- 80 315 81 10.4 
8 N.N. $ 33 120- 70 | 376 101 9.2 
9 K.S. 2 23 120- 60 323 86 10.3 
10 R.N. 2 22 120- 70 179 88 8.3 
1] ‘Boke 6 29 120- 60 216 86 8.8 
12 Te co} 19 120- 40 177 90 8.5 
13 GS. 3 31 130- 60 217 90 8.5 
Mean 283 89 10.0 

Range 177-401 81-101 8.3-11.9 

with excep- 
tion of No. 3 
2) Low blood pressure 

14 M.S. 3 19 110- 70 376 84 8.3 
15 TA. g. <i 110- 70 278 84 9.8 
16 K.M. 2 19 110- 68 367 | 101 11.6 
17 pF 2 1S | 110- 70 243 120 11.1 
18 pes 2 17 110- 50 390 86 | 8.3 
19 R.H. (.) 48 110- 54 442 84 9.6 
Mean | 349 93 9.8 

Range 243-442 | 84-120 | 8.3-11.6 

3) High blood pressure 

20 y ir 0 2 57 170-100 380 70 9.5 
21 T.K 6 19 160- 90 318 88 10.7 
22 K.S $ 28 170- 80 328 90 9.5 
23 S.S 6 38 180- 80 259 99 15.9 
24 G.I $ 47 170-100 433 104 9.8 
Mean 344 89 11.1 

Range 259-433 70-104 9.5-15.9 


range of 79 to 90 mg/dl. In regard to blood-glycogen values, 4 cases 
(Nos. 25, 26, 29 and 30) had the low values of 6.7, 7.5, 7.7 and 6.3 mg/dl 
respectively, but the other 3 cases gave the normal range of 8.3 to 10.0 
mg/dl. 

Gastroptosis with hypotension (36 cases) 

The blood-diastase value of Nos. 32, 66 and 67 were 640, 518 and 499 
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mg/dl respectively ; but the other 33 cases showed the normal range of 
175 to 455 mg/dl. The blood-sugar values of Nos. 41, 44 and 64 were 
as low as 72, 77 and 75 mg/dl: but the other 33 cases kept the normal 
values of 79 to 99 mg/dl. The blood-glycogen values of Nos. 40, 59 and 
46 were remarkably low, i.e. 5.8, 5.6 and 6.1 mg/dl; and those of Nos. 
34, 36, 38, 39, 41, 48, 50, 51, 55, 60, 66 and 67 proved to be 7.1, 7.5, 7.1, 
7.0, 7.5, 7.4, 6.7, 7.8, 6.9, 7.9, 6.8 and 7.0 mg/dl, respectively. These 
also are regarded as low values. In other words, the blood-glycogen was 
found to fall in 15 cases out of 36. 

Gastroptosis with hypertension (8 cases) 

The blood-diastase values of Nos. 73 and 75 were high, (486 and 485 
mg/dl), but the other 6 cases showed the normal values of 280 to 391 
mg/dl. Except for No. 72, the blood-sugar values in all cases were normal, 
i.e. between 84 and 90 mg/dl. The blood-glycogen values of Nos. 68, 
74 and 75 were as low as 6.7, 6.7 and 7.0 mg/dl, but those of the other 
5 cases stayed in the normal range of 8.1 to 11.0 mg/dl. 

In cases of gastroptosis, as mentioned above, any changes were not 
recognized in blood-diastase and -sugar values. However the blood- 
glycogen values decreased in 22 cases out of 51 (43.1%). The blood- 
glycogen decrease was found very markedly in cases of hypotension. 

See Table II. 

Acid levels of gastric juice and the blood-glycogen values in gastroptotic patients 

The former gastric juice in the gastroptotic patients showed a tendency 
to no acidity or low acid content, but in the majority of these patients the 
acid values became normal after the patients were given caffein solution 
as a test drink. 

With respect to the free hydrochloric acid values of the former gastric 
juice in gastroptotic patients, the hypotension group was lacking in this 
acid more frequently than the nonhypotension group. When the blood- 
glycogen values of gastroptotic hypotonic patients were separated in two 
groups, i.e. those with values equivalent to or more than 8.0 mg/dl and 
those with values equivalent to or less than 7.9 mg/dl, the cases lacking 
in hydrochloric acid were observed more markedly in the latter group 
than in the former. 

Anorexia of gastroptotic patients was found in 7 out of 15 cases without 
hypotension (48.6%), but in 25 out of 36 cases with hypotension (69.3%), 
and the anorexia became severe in cases with blood-glycogen values equal 
to or less than 7.9 mg/dl. 

Results are shown in Table III and Figure | and 2. 


DIscussION 


According to Sikinami et a/.*)®) the glycogen-value of ductus thoracicus 
g slycog’ 
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TABLE III 


Free Hydrochloric Acid of Former Gastric 
Juice in Gastroptotic Patients 




















' Acid: level 0 I~10 10020 21~ Total 

Gastroptosis 

With low blood pressure 23 8 | 3 35 
With normal et high blood 6 3 9 I 12 

pressure 
Total 29 11 3 4 47 
Fig. 1 Fig. 2 
Blood-glycogen values Blood-glycogen values 
higher than 8.0 mg/dl lower than 79 mg/dl 
40 . 40 
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Fig. 1. Relations of blood-glycogen values to free hydrochloric acid- 
levels of former gastric juice in gastroptotic patients with low blood pressure. 

Fig. 2. Free hydroctiloric acid-levels of former gastric juice in gastro- 
ptotic patients without low blood pressure. 


is always lower than that of venae hepaticae but at different times higher 
or lower than that of veins and arteries. The blood-glycogen value of 
the vein can never surpass that of the corresponding artery. Therefore 
it follows that the glycogen of ductus thoracicus must come from the blood 
vessel i.e. the liver capillary, and the blood-glycogen originates in the 
liver. The blood-glycogen values of healthy individuals are between 8.6 
and 13.3 mg/dl, but in the cases of liver parenchym-damage® and diabetes 
mellitus’),®) they increase even in patients in the hungry condition. 

The normal blood-diastase value ranges between 177 and 401 mg/dl, 
while, as already reported by Katsch®’, it increases remarkably in the 
pancreas-ill cases. It is also observed in cases of liver parenchym-damage 
although not so strikingly as in pancreas-ill cases.®),19)11),1%) 

In this experiment with gastroptotic patients in the hungry condition 
before breakfast the blood-diastase and -sugar values were mostly normal. 

This indicates that there was no damage in the pancreas. When 
there are no remarkable changes in the blood-diastase and -sugar values 
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but the blood-glycogen values are low, the conditions may be due to the 
decreased glycogen-supply from the liver to the blood vessel caused by 
the diminisched glycogen-depot of liver resulting from decline and delay 
in food digestion and absorption. This opinion was justified by the fact 
that the patients of blood-glycogen decreasing gastroptosis were lacking 
in free hydrochloric acid in their former gastric juice and were suffering 
from severe anorexia. Hence in these cases “ Vagostigmin ”’ was injected 
in order to increase the tension of the stomach etc., and sugar was adminis- 
tered for nutrition supply. This treatment has often proved effective in 
easing the clinical symptoms. 


CONCLUSION 


The blood-diastase, -sugar and -glycogen values and the gastric juice 
of 51 gastroptotic patients were estimated in the hungry condition before 
breakfast with the following experimental results : 

1. Blood-diastase and -sugar values were mostly within the normal 
range, but blood-glycogen values were low in 43.1% of gastroptotic 
patients. 

2. Extremely low blood-glycogen values were found in gastroptotic 
hypotonic patients. 

3. Among the gastroptotic hypotonic patients which showed de- 
crease of blood-glycogen, there were many cases in which a lack of free 
hydrochloric acid in former gastric juice together with anorexia was ob- 
served. 

From these facts it has come to a conclusion that the blood-glycogen 
decrease of gastroptotic patients is possibly influenced by poor glycogen 
storage in liver which is caused by decline and delay in food digestion and 
absorption. 
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Standard Sugar Loading Test 


Special Reference to the Possibility of Differentiation of Two 
Types of Diabetes Mellitus and of Differentiation of Non- 
diabetics from Diabetics by Sugar Loading Test 


By 
Yoshio Goto, Kogo Seino and Isao Ito 
(Km HK CHF HA (FR Kz HB 
From the Medical Clinic of Prof. Kurokawa, 
Tohoku University, Sendai 


(Received for publication October 18, 1956) 


Many investigators have endeavoured to simplify the technique and 
interpretation of the sugar loading test. However, the literatures do not 
show agreement in the interpretation of an equivocal or transitional sugar 
loading curve. Méisinterpretation of an equivocal sugar loading cuve may 
cause the patient to be denied life insurance or may cause him to undergo 
unnecessary diabetic treatment. 

In the present study the standard sugar loading test was performed in 
healthy adults, in non-diabetic patients and in diabetic patients. Upon 
the basis of these results the differentiation of the transitional sugar loading 
curve from the diabetic curve is discussed. Furthermore, the possibility 
of determining the need for insulin in a given diabetic patient by means 
of the sugar loading test is described. 


EXPERIMENTAL 
Material and Techniques 


Test subjects consisted of 17 healthy adults, 37 non-diabetic patients, 6 
renal glycosuric patients and 76 diabetic patients. They were all hospitalized 
except the 17 normal adults. In this paper the diabetic patients are classified 
into two groups according to therapeutic requirements.!? Type I diabetes 
mellitus includes patients who are controlled by our high carbohydrate and low 
fat diet alone, type II diabetes mellitus includes patients who require insulin 
as well as dietary control. 

The sugar loading test was performed as follows. After an overnight fast, 
50 g. of glucose dissolved in 250 cc. of water was administered orally. Blood 
specimens were collected from the ear lobe for blood sugar estimation prior to 
and every 30 minutes after the glucose administration for four hours. Urine 
specimens were collected every one hour. Blood sugar determinations were 
made by the Asari modification?’ of Fujita and Iwatake’s micromethod®): and 
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urine sugar was estimated by the method of Bertrand.* 
In diabetic patients the sugar loading test was performed within a week 
of hospitalization, prior to insulin treatment. 


Result 


Evaluation of the normal sugar loading curve 
Healthy students and interns were chosen as a normal group. The 
results are summarized in Table I and Fig. 1. The mean fasting blood 


TABLE I 
Statistical Summary of Results of Oral Sugar Loading Test 


The values in parentheses represent S.D. (Standard Deviation). 





Blood Sugar (mg. per cent) 








Group | M aie E 
| ax. Increment 
Fasting 1 hr. 2hr. 3hr. 4hr. Peak Level of Blood Sugar 
oa - 7 -| snaps _ — — 

Healthy 107 141 98 86 90 159 52 
(10) (23) (16) (10) (11) (20) (19) 
Non-diabetic | 110 153 106 94 90 165 55 
| (12) (37) (24) (18) (29) (19) (18) 
Renal glycosuria 107 148 95 94 94 170 59 
(8) (33) (12) (12) (3) (19) (22) 
Type I diabetic 159 272 222 158 127 280 119 
(36) (44) (58) (55) = (37) (52) (34) 
Type II diabetic 268 405 366 305 266 415 147 
(50) (66) (68) (69) (63) (67) (29) 


sugar was 107 mg.% with a S. D. (standard deviation) of 10 mg.%. The 
upper limit of normal for the fasting blood sugar in the healthy group was 
117 mg.% when M-+S.D. was used. 5 of the 17 cases exceeded this level, 
but none of them showed a fasting blood sugar value above 120 mg.% 
which is widely accepted as the upper limit of normal fasting blood sugar 
level.) The blood sugar curve of the healthy group rose rapidly and 
reached a peak level at } or | hour and fell rapidly to hypoglycemic level. 
The mean value of the peak level was 159 mg.%; and the upper limit 
was 179 mg.% when M-+S.D. was used. 3 cases exceeded this level ; 
but all cases were included within 199 mg.% (M+2S.D.). These re- 
sults support the criterion that the normal alimentary hyperglycemia does 
not exceed 200 mg.%, for capillary blood.) The maximum increment of 
blood sugar due to glucose ingestion was 52 mg.% (ranging 10 to 88 mg.%). 
Hypoglycemic phase began to occur usually at 14 or 2 hours; and the 
blood sugar returned to near the initial value at 3 or 4 hours. The second- 
ary hyperglycemic rebound phenomenon was not observed. The mean 
2 hour blood sugar level was 98 mg.% (73—134mg.%). The upper 
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Non-diabetic . 
Renal glycosuria a 
Type I diabetic . Sessse 
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Non-diabetic oe 
Renal glycosuria eocese 
Type I diabetic ee 
Type II diabetic sees oeeedahre doe + Sf . 
200 300 400 $00 650mg% 





Healthy 
Non-diabetic 


Renal glycosuria 


2 hour values 


Type I diabetic 
Type IT diabetic 
100 200 300 400 500mg% 


Fig. 1. Distribution of fasting blood sugar levels, peak levels and 2 hour 
levels in standard sugar loading test. 


limit of 2 hour level was 120 mg.%, if M+2S.D. was used. One of the 
17 healthy adults showed a 2 hour blood sugar level of 134 mg.%, a peak 
level of 191 mg.% and a 4 hour level of 88 mg.%. 

Our criteria for a normal sugar loading curve are: a fasting blood 
sugar below 120 mg.%, a peak level below 200 mg.%, a 2 hour level below 
120 mg.% and a negative urine sugar. The only case of the 17 normal 
individuals who could not satisfy these criteria completely had a 2 hour 
level of 134 mg.%. 


Evaluation of the sugar loading curve of non-diabetic patients groups 

This group consisted of 37 various hospitalized patients who were 
thought to have impaired ability to assimilate carbohydrate but negative 
urine sugar. Their maladies were pancreatic diseases (cancer and in- 
flammation), hepatic diseases (heaptitis, cancer of common bile duct), 
endocrine diseases (Addison’s disease, thyrotoxicosis, myxedema, dwarfism, 
Simmonds’ disease), and other diseases (gastric cancer, narcolepsia, muscu- 
lar dystrophy, pulmonary tuberculosis). The mean fasting blood sugar 
was 100 mg.% (90-135 mg.%) ; and in contrast to the normal group, 7 
of the 36 cases have a fasting level above 120 mg.% but included in 134 
mg.°%, (M+2S.D.) except one case, whose fasting value exceeded this 
level by 1 mg.%. The mean peak level was 165 mg.% (139-232 mg.%) ; 
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and 35 of the 37 cases didn’t exceed 200 mg.%. A case of diabetes in- 
sipidus and a gastro-jejunostomized patient showed peak levels of 227 mg.% 
and 232 mg.% respectively, without glycosuria (Fig. 2). In 18 of the 37 
cases the peak occurred at $ hour and in the other 19 cases at | hour. 
The mean maximum increment of blood sugar after glucose ingestion, was 
55mg.% (21-101 mg.%). The 2 hour value was 106mg.% (76-170 
mg.%), 9 of the 37 cases above 120 mg.%, and one of them 170 mg.% 
with a peak level of 174 mg.%. The mean 4 hour value was 90 mg.% 
(63-144 mg.%). 


BLOOD SUcAR 
m™ 7 h 


200 + 


150 + 


1007 








50 





HOURS 
Fig. 2. Glucose loading curves. A...48 year-old male, gastro-je- 
junostomized. B...28 year-old male, diabetes insipidus. Both peak levels 
exceed 200 mg.%, but urine sugar excretions were negative. C... broken 
line represents the sugar loading curve of 20 year-old female, nephrosis. In 
this case four urine specimens including fasting one, gave positive sugar re- 
action. 


Evaluation of the sagar loading curve in type I diabetes group 

This group consisted of patients whose diabetic symptoms could be 
controlled by our high carbohydrate low fat diet alone (250-350 g. carbo- 
hydrate, 30-40 g. fat, 70-100 g. protein, 30-35 Cal/kg). The mean value 
of fasting blood sugar was 159 mg.% (104-256 mg.%) and that of 78% 
of type I diabetics ranged from 120 to 200 mg.%. 6 of 41 showed fasting 
levels above 200 mg.%; and one case showed a fasting level below 120 
mg.%. The blood sugar rose rapidly to its highest level in 1 or 14 hour 
and fell gradually to hypoglycemic levels. The hypoglycemia rose to the 
initial value very slowly. The mean peak value was 280 mg.% (218- 
452 mg.%). The maximum increment of blood sugar was 119 mg.% 
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(84-181 mg.%). The mean 2 hour value was 222 mg.% (142-378 mg.%), 
and there is no case whose 2 hour value was below 120 mg.%. The mean 
4 hour value was 127 mg.% (69-227 mg.%). 10 cases showed a 4 hour 
value below 100 mg.% and 3 cases above 200 mg.%. In all cases urine 
sugar was positive. 


Evaluation of the sugar loading curve in type II diabetes group 

This group consisted of patients whose diabetic symptoms were con- 
trolled by insulin in addition of our high carbohydrate low fat diet. The 
mean fasting blood sugar of the type II diabetic group was 268 mg.% 
(187-472 mg.%) ; and 91% of this group showed their fasting value above 
200 mg.%. The blood sugar rose rapidly to its peak at 1 or 14 hour and 
decreased gradually. The hypoglycemia began to occur usually at 34 
hours. In 14 of the 35 cases hyperglycemia was protracted ; and the blood 
sugar did not return to the fasting level within 4 hours. The mean value 
of a peak level was 415 mg.% (308-658 mg.%). In 21 of the 35 cases 
(60%) the peak value was above 400 mg.%. The maximum increment 
of blood sugar was 144 mg.% (94-220 mg.%). The mean 2 hour value 
was 366 mg.% (226-520 mg.%). In 30 of the 35 the 2 hour value was 
above 300mg.%. The mean 4 hour value was 266 mg.% (160-406 
mg.%); and in 31 of the 35 cases this was above 200 mg.%. In all cases, 
urine sugar was positive. 


Evaluation of the sugar loading curve in renal glycosuria 

Joslin applied this name to the condition in which the renal threshold 
is extremely low, as indicated by the fact that all specimens of urine ex- 
amined, including those after an overnight fast, contain sugar.®) Such 
cases are very rare. On the contrary, Hatlehol defined renal glycosuria 
as the presence of a positive urine sugar reaction without diabetic symptoms 
and the subsequent absence of true diabetes during prolonged observation.” 
In his paper there are some cases of renal glycosuria which have a hyper- 
glycemic peak above 200 mg.%, in some cases 300 mg.%. We do not 
accept this definition. We define renal glycosuria as that condition in 
which the alimentary hyperglycemic peak and a 2 hour value are within 
normal limits but the urine sugar is positive. 

The mean fasting blood sugar of our 6 cases of renal glycosuria was 
107 mg.% (94-121 mg.%) and the mean peak level was 170 mg.% (139- 
198 mg.%). The 2 hour values ranged between 80 and 110 mg.%. In 
all cases urine sugar became positive after sugar ingestion, but the fasting 
urine specimens gave negative sugar reactions except in one case, whose 
fasting blood sugar was 121 mg.% and peak level was 139 mg.% (Fig. 2). 

The differentiation of mild diabetes mellitus and renal glycosuria is 
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relatively easy if our definition of renal glycosuria is used. But this differ- 
entiation may be difficult, if an extremely low renal threshold for sugar 
(for example below 100 mg.%) is necessary for the diagnosis of renal 
glycosuira. If the latter definition is accepted, how shall we diagnose the 
case in which the sugar loading curve is normal and glycosuria appears 
only when the blood sugar is above 150 mg.%? Is this a mild case of 
diabetes or is this a so-called potential, latent or pre-diabetes? If such a 
case represents latent diabetes, the question arises whether lowered renal 
threshold or prolonged alimentary hyperglycemia is the essential distur- 
bance in diabetes mellitus. It is hard to believe that the lowered renal 
threshold is a prodromal finding of diabetes mellitus. We feel that the 
slight increase in hyperglycemic peak exceeding the normal limit and/or 
the protraction of alimentary hyperglycemia may be an essential finding 
even in the latent stage of diabetes mellitus. Therefore, it is more proper 
to regard the patient who has glycosuria and a normal sugar loading curve 
as a renal glycosuric patient in whom there is normal sugar assimilation 
but an impaired reabsorption of sugar in the kidney. According to our 
opinion, the glycosuric patient, whose loading curve has a peak value 
below 200 mg.% and a 2 hour value below 120 mg.%, is a renal glycosuric 
patient in a broad sense; and the glycosuric patient, whose peak value 
in sugar loading curve is above 200 mg.% for capillary blood, is a mild 
case of diabetes mellitus, even if his glycosuria will disappear by a slight 
diet restriction. ‘ Latent diabetes’’ or “‘ potential diabetes” seems to 
be an unnecessary nomenclature. If these words are retained, we prefer 
to use the term “ latent diabetes’ for the patient, whose sugar loading 
curve has a peak value above 200 mg.°% and a 2 hour value above 120 
mg.°% with negative urine sugars. 

There are several theoretical explanations of renal glycosuria: the 
theory of decreased phosphorylation in tubuli contorti due to hypofunction 
of adrenal cortex ; the pituitary hormone theory ; the lability of the vegeta- 
tive nervous system theory. Renal glycosuria was provoked clinically 
during ACTH treatment.) Yet the etiology is not clear. 

On of our 6 cases, a 20 year-old woman, suffered from severe nephrosis. 
Her urine protein concentration was 30%» and serum protein was 3.8%. 
Urine sugar was positive throughout her clinical course. Her sugar 
loading curve was normal although the fasting blood sugar was 121 mg.%, 
as shown in Fig. 2. It seems proper to call such a case secondary renal 
glycosuria, in contrast to idiopathic renal glycosuria in which other symp- 
toms are not manifest. 


Is it always possibile to differentiate diabetic and non-diabetic by the sugar 
loading test ? 
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It is easy to distinguish the typical normal sugar loading curve from 
the diabetic curve, but we are sometimes confused in the diagnostic evalu- 
ation of an abnormal sugar loading curve, which does not satisfy the 
criteria of a normal sugar loading curve nor that of a diabetic curve. Some 
of these abnormal curves may originate in careless test conditions; such 
as previous starvation, carbohydrate restriction, diarrhea, insomnia, etc. 

The transitional cases are those with an abnormal fasting blood sugar, 
a normal peak, and a normal 2 hour value; those with an abnormal 
peak level, a normal fasting, and a normal 2 hour value; and those with 
an abnormal fasting, an abnormal 2 hour value, but a normal peak level, 
etc. How shall we interprete such cases? 

A high fasting blood sugar is observed in a healthy test subject, when 
he is tired or drowsy. A 29 year-old physician was examined on the 
morning after night duty and his fasting blood sugar found to be 147 mg.% 
for capillary blood and 146 mg.% for venous blood without glycosuria. 
Few weeks later when blood sugar examinations were made again two off- 
duty mornings his fasting blood sugar values were 106 mg.% and 94 mg.%. 
The fasting blood sugar level of a 22 year-old laboratory technician was 
determined every 10 minutes from 4:50 a.m. to 8:00 a.m. after night 
duty. The results are shown in Fig. 3. The blood sugars fluctuate from 
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Fig. 3. Oscillation in the fasting blood sugar. 20 year-old male. 
5 :20 a.m. to 6 :40 a.m., sleeping during part of this time. 


116 to 144 mg.% within 3 hours. Later a sugar loading test confirmed his 
normal carbohydrate assimilating power. It was observed by Hatlehol® 
and Kuzuya!® that the fasting blood sugar rises in the early morning. 
Therefore, if the blood sugar estimation is made before 8 a.m. a moder- 
ately high fasting blood sugar level does not always mean a diabetic con- 
dition. But if repeated estimations of fasting blood sugar show constant 
high values, we should regard such a case as diabetic. 

When the hyperglycemic peak of the sugar loading curve exceeds 
200 mg.%, should we regard the loading curve as diabetic? The normal 
hyperglycemic peak usually does not exceed 200 mg.%, but it is frequently 
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observed that some people show a hyperglycemic peak above 200 mg.% 
without glycosuria. It has been observed that old people have such curves, 
but they have no diabetic symptoms and do not develop true diabetes. 
It has been shown that the rapid absorption of sugar from the intestine 
causes a steep high-peaked hyperglycemic curve. Such a curve has been 
called a lag storage curve or oxyhyperglycemia.®) We obtained such a 
curve in a case of diabetes insipidus and in a gastro-jejunostomized patient 
(Fig. 3). Their urine specimens gave a negative sugar reaction. There- 
fore, a hyperglycemic peak of over 200 mg.% does not always mean 
diabetes mellitus. However, non-diabetics cannot have a hyperglycemic 
peak above 230 mg.% in his loading curve, or at least above 250 mg.%. 

Protraction of alimentary hyperglycemia is one of the characteristic 
findings in diabetes mellitus. In 12 of the 17 normal cases, and in 25 of 
the 36 non-diabetic patients, the hyperglycemia fell to fasting blood sugar 
levels within 2 hours; on the contrary, this occurred in only one case of 
the 41 type I diabetics and in none of the 35 type II diabetics. All of the 
diabetic cases in our series showed a 2 hour value above 140 mg.%, and 
8 of the 36 non-diabetic patients showed a 2 hour value above 120 mg.%. 
These 8 cases consisted of 3 cases of strumitis, 2 cases of pancreatic cancer, 
one case each of lung cancer, cholelithiasis, and myelocytic leukemia. 
Only one case of the 17 normal adults showed a 2 hour value above 120 
mg.%. Hence, if the 2 hour value does not exceed 120 mg.%, the di- 
agnosis of diabetes mellitus is denied, but a 2 hour value above 120mg.% 
does not always mean diabetes mellitus. 

Speaking conclusively, an equivocal sugar loading curve is infrequently 
obtained in clinical practice, and the diagnosis of such a curve is difficult. 
Further clinical observation, past history, and repeated sugar loading test, 
are necessary to designate the case diabetic or non-diabetic. 


Can we decide by means of the sugar loading test whether the diabetic patient 
will need insulin? 

If we can differentiate type I diabetes and type II diabetes by means 
of sugar loading test at the beginning of hospitalization or in the ambulato- 
ry clinic, the need for insulin treatment in a given patient may be estimated 
in advance. For this purpose the present attempt was made to compare 
the blood sugar curves of these two diabetic groups. 

If the criterion is made that the fasting value of type I diabetics is 
below 195 mg.%, (M-+S.D.) and that of type II diabetics above 218 mg.% 
(M—S.D.) 18.4% of our diabetic patients are misjudged, that is, 8 cases 
of the 41 type I diabetics and 5 of the 35 type II diabetics deviate from 
these two limit values. If the upper limit of 2 hour value for type I di- 
abetics is 280 mg.°% (M-+S.D.), 5 of the 41 cases exceed this value; and 
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Fig. 4. Gross distribution of blood sugar values in sugar loading test 
among insulin-required type diabetes (type II), insulin-unnecessary type 
diabetes (type I), and normal group. 


if the lower limit of that for type II diabetics is 298 mg.% (M—S.D.), 
5 of the 35 cases are below this value. The upper limit of peak value for 
type I diabetics is 332 mg.% when M-+S.D. is used and 6 of 41 cases exceed 
this level. The lower limit of peak value for type II diabetics is 348 mg.% 
when M-—S.D. is used and 4 of 35 are below this value. If the criterion 
is made that the maximum urine sugar concentration of type I diabetics 
is less than 3.7% (M+S.D.) and the maximum sugar concentration of 
urine specimens for type II diabetics is more than 3.8% (M-—S. D.), 8 of 
the 41 type I diabetics and 2 of the 35 type II diabetics deviate from these 
limit values. 

If the criteria are made that in type I diabetics the fasting level is 
below 195 mg.%, the peak level below 332 mg.%, the 2 hour level below 
280 mg.°% and the maximum urine sugar concentration below 3.7%; 
and that in type II diabetics the fasting level is above 218 mg.%, the peak 
level above 348 mg.%, the 2 hour level above 298 mg.%, and the maxim- 
um urine sugar concentration above 3.8%, as shown in Fig. 4, 80% of 
our 76 diabetic patients are correctly classfied as type I or type II. Only 
one case of 41 type I diabetic patients satisfied the above criteria of type 
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II diabetes and 2 cases of the 35 type II diabetic patients satisfied those 
of type I diabetes. Thus by means of the sugar loading test we may de- 
termine whether the untreated diabetic patient will subsequently require 
insulin as well as dietary control for the management of his diabetes. 


SUMMARY 


The standard sugar loading test (50 g. of glucose) was performed in 
normal adults, non-diabetic patients, and diabetic patients. Our critieria 
for normal sugar loading test are: a fasting blood sugar below 120 mg.%, 
a peak level below 200 mg.%, a 2 hour level below 120 mg.%, for capillary 
blood, and a negative urine sugar. In diabetic patients, evaluation of 
the loading curve may indicate whether insulin is needed in the treatment 
schedule. If the fasting blood sugar is below 195 mg.%, the 2 hour value 
below 280 mg.%, and the peak level below 332 mg.%, his diabetic symp- 
toms can be controlled without insulin injections; on the contrary, if the 
fasting blood sugar is above 218 mg.%, the 2 hour value above 298 mg.%, 
and the peak level above 348 mg.%, insulin must be used in addition to 
dietary treatment. The interpretation of transitional and equivocal sugar 
loading curves and the definition of renal glycosuria were also discussed. 
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Healthy adults have a fixed and unchangeable maximum level of 
hyperglycemia, which cannot be raised by oral administration of glucose.')”? 
Recently, Saito and co-workers demonstrated that a fixed maximum level 
of hyperglycemia also exists in diabetic patients. They called this the 
“limiting level of hyperglycemia.’ In the present study this “ limiting 
level of hyperglycemia” was determined in 46 diabetic and 5 non-di- 
abetic patients. 


EXPERIMENTAL 
Method 


Blood sugar levels were determined by the micromethod of Fujita and Iwa- 
take.) The limiting level of hyperglycemia was estimated from the results of 
one and two-dose glucose tolerance tests. In the one-dose test, 50g. of glucose 
was given orally following an overnight fast. Blood specimens were collected 
from the ear lobe before and every 30 minutes for 3 hours after the administra- 
tion of glucose. The two-dose test was performed within 3 days after the one- 
dose test. ‘The procedure was the same, except that a second 50 g. dose of glucose 
was administered one hour after the first dose. Both the one-dose and two- 
dose glucose tolerance tests gave a “‘ one-peaked ”’ curve. 

A “presumed ” two-dose loading curve was constructed from the one- 
dose curve by adding the difference between the fasting level and values at 
4, 1, 14 and 2 hours, to the observed levels at 14, 2, 24 and 3 hours, respectively. 

To obtain the limiting level of hyperglycemia, the actual two-dose loading 
curve is compared with the “‘ presumed ” two-dose curve. If the peak level 
in the actual test is less than the peak of the “ presumed curve”, or does not 
exceed the presumed curve by more than 10 mg.%, the peak level in the actual 
two-dose test is taken as the “ limiting level of hyperglycemia” (Table I). 

If the peak of the actual two-dose test exceeds the “‘ presumed ”’ peak level, 
it is likely that a three-dose or four-dose test would be needed to reveal the true 
“ limiting level of hyperglycemia.”” Seven cases were encountered in whom the 
peak level of the actual test exceeded by more than 10 mg.% the “ presumed ” 
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TApize I 


Example of Calculation of “‘ Presumed ” 2-dose Glucose 
Loading Curve and “ Limiting Level of Hyperglycemia ” 





Blood sugar (mg. per cent) 


Fasting j l 1} 2 23 a 
l-dose curve actual value | 200 270 350 300 250 220 200 
Actual value minus fasting — 70 150 100 50 20 _ 


blood sugar 


| 
Calculation of presumed 2-dose| —- ~  — 300 250 220 200 
curve | +70 +150 +100 +50 


200 270 350 370 400 320 250 
205 280 340 375 385* 300 260 


Presumed 2-dose curve 


Actua] 2-dose curve 


* Limiting level of hyperglycemia. 


peak. In these cases, the limiting level of hyperglycemia is indicated in Table 
II by a “<<” sign (“ greater than’) preceeding the actual peak level. 

In non-diabetic patients, the ability to assimilate glucose is so great that 
administration of glucose at one-hour interval does not indicate the limiting level 
of hyperglycemia. Therefore in the 5 non-diabetic patients the second dose of 
glucose was administered 30 minutes after the first dose. 

In our clinic, diabetic patients are classified according to therapeutic re- 
quirements into two groups. Type I includes patients who are controlled by 
our high carbohydrate and low fat diet alone, and Type II includes patients 
who require insulin as well as dietary control. 


Results 


In all of the non-diabetics and in half (10 of 21) of the mild (Type I) 
diabetics the peak level in the two-dose procedure was approximately 
(within 20 mg.%) the same as the peak in the one-dose procedure. In 
the other words, the limiting level of hyperglycemia was reached in the 
one-dose test. This is in agreement with the observations of MacLean 
and deWesselow who found that increasing the single oral dose of glucose 
above 25g. did not produce any further increase in peak blood sugar 
levels, although larger doses prolonged the hyperglycemic phase. 

In half of the mild (Type I) and in 23 of 25 severe (Type II) diabetics 
the highest level in the two-dose procedure was more than 20 mg.% greater 
than the peak value in the one-dose test. In other words, the limiting 
level of hyperglycemia was not reached in the one-dose test. Further- 
more, in 7 diabetic patients the measured peak in the two-dose test ex- 
ceeded the expected additive effect of a second dose of glucose as calculated 
in the presumed two-dose curve. This phenomenon may be due to spon- 
taneous decrease in endogenous glucose levels during the one-dose test, 
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so that the actual rise in blood sugar is greater than that calculated by 
subtracting the fasting blood sugar level from the observed values. 

The relationship between the fasting blood sugar and the limiting level 
of hyperglycemia is depicted in Fig. 1. The relationship is linear; the 
higher fasting blood sugar levels are associated with proportionately higher 
values for the limiting level of hyperglycemia. 
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Fig. 1. The relationship between limiting level of hyperglycemia and 
fasting blood sugar. 


The median value for the ratio of limiting level of hyperglycemia to 
fasting blood sugar fell between 1.8 and 1.9 and 90% of the ratios fell 
between the values of 1.6 and 2.3 and 35 of the 51 ratios fell within the 
narrow limits of 1.7 to 2.0. 

As would be expected, the limiting level of hyperglycemia was lowest 
in non-diabetics and highest in Type II diabetics. 

Here we would like to introduce the term “ fluctuation range of blood 
sugar.” This is meant to indicate the fluctuation in blood sugar oc- 
curring from a given stimulus, in this instance oral administration of 
glucose. By definition, it is the difference between the limiting level of 
hyperglycemia and the fasting blood sugar. (We realize this is only an 
approximation, as the hypoglycemic phase following oral ingestion of 
glucose usually will be less than the fasting blood sugar.) 

The relationship of the fluctuation range of blood sugar to the fasting 
blood sugar level is shown in Fig. 2. There is a clearcut relationship ; 
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62M 
44F 
64M 
51M 
63F 


Disease 


Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 
Diabetes 


mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (IT) 
mellitus (I1) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (II) 
mellitus (IL) 
mellitus (II) 
mellitus (IT) 
mellitus (I) 
mellitus (II) 
mellitus (II) 
mellitus (I) 
mellitus (I) 
mellitus (1) 
mellitus (1) 
mellitus (I) 
mellitus (1) 
mellitus (I) 
mellitus (1) 
mellitus (1) 
mellitus (1) 
mellitus (I) 
mellitus (I) 
mellitus (I) 
mellitus (I) 
mellitus (1) 
mellitus (I) 
mellitus (I) 
mellitus (I) 
mellitus (1) 
mellitus (I) 


Renal glycosuria 
Renal glycosuria 
Muscular dystrophy 


None 


Anorexia nervosa with 
hypo-insulinism 


| 
| 





TABLE II 
Blood Sugar (mg. per cent) 

l-dose test 2-dose test | bo ~ 

stat ESB | 

Fast- | Max. Presum-| Fast- Measur- | @ 8's! 

ing | value ed peak) ing |ed peak |.5,8 29) 
472| 658! 676 | 368! 673 673 
368 452 518 | 326, 570 | <570 
336| 484) 594 | 344! 644 | <644 
336 | 470! 554 | 314! 476 476 
334} 466) 552 | 274) 526 526 
326 504 648 | 308 590 590 
308! 528 680 | 334| 614 614 
300 480) 598 | 294, 618 | <618 
288 438 498 | 274 500 500 
284 448 532 | 288 530 530 
272| 462 621 274 += 628 628 
270 420 508 | 292 548 | <548 
266 372 483 | 272 480 480 
266 388; 504 | 280 514 | 514 
264; 358 428 | 228; 428 428 
254 342 394 | 288; 445 | <445 
256 452 > 573 | 280] 552 552 
248 360, 404 | 191) 388 | 388 
246, 382) 478 | 229| 440 | 440 
240| 440; 566 | 233/ 541 | 541 
233 | 292 328 | 188| 462 | <462 
230; 368) 501 | 242) 444 | 444 
228 | 378! 452 | 246| 410 410 
224 | 312 386 | 215{ 316 316 
214 | 372 452 284 462 | 462 
214| 396| 528 | 228) 458 | 458 
214| 298) 362 | 179! 358 | 358 
193} 278| 343 | 192) 364 | <364 
174 | 259 307 | 175) 292 | 292 
174} 266} 348 | 139| 322 | 322 
167| 337| 467 | 166| 334 | 334 
168 | 254! 312 | 147) 292 | 992 
160 274; 388 | 125, 268 | 274 
160 | 240 292 153 280 | 280 
157} 308| 404 155; 318 | 318 
154 245 354 160, 291 | 291 
154| 257 356 135| 242 | 9257 
154 327 481 180 | 414 | 414 
146 233 309 158 280 | 280 
138 224) 270 130/ 212 | 224 
128 227 280 135/ 235 | 235 
121 266 368 121 278 | 278 
121 | 247 380 128 938 247 
104 215 268 107 217 217 
104 189 39-218 132-298 228 
99 | 200 286 121 219 219 
106 160 177 99 161 161 
94| 174) 224 102 177 177 
115 174! 206 104 170 174 
112 145 178 106 148 148 
100 226 291 102) 214 226 


limit. level 
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the higher the fasting blood sugar, the greater the fluctuation range of 
blood sugar. This relationship is not seen in the usual one-dose glucose 
tolerance test; the maximum blood sugar increase in the one-dose test 
does not increase linearly in proportion to the fasting blood sugar level 
(Fig. 3). The fluctuation range of blood sugar of Type II diabetics 
usually exceed 200 mg.%. In Type I diabetics the value usually falls 
between 100 and 200 mg.% and in non-diabetics the fluctuation range is 
less than 100 mg.%. 
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Fig. 2. The relationship between fluctuation range of blood sugar and 
fasting blood sugar. 

Fig. 3. The relationship between the maximum increase in blood sugar 
after oral administration of 50g. glucose and fasting blood sugar. This 
result was obtained in our previous investigation.”) 


Discussion 


The results of this study demonstrate that a “ limiting level of hyper- 
glycemia ”’ exists in the diabetic patients just as in the normal individual. 


Moreover, the limiting level of hyperglycemia bears a close relationship 
to the fasting blood sugar level in both diabetic and non-diabetic subjects. 
The mechanism of this limiting level of hyperglycemia is not apparent, 
but we feel the limiting level represents the summation of the assimilating 
functions, including intestinal absorption, the many enzymatic functions 
of the liver, the endocrine and, indirectly, exocrine functions of the pancreas, 
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and the excretory and enzymatic functions of the kidney. 

It should be emphasized that determination of the limiting level of 
hyperglycemia has no diagnostic or prognostic application in the usual 
case of diabetes mellitus, where the fasting blood sugar and one-dose 
glucose tolerance test will suffice for diagnostic purposes. 

Our previous®)®’ and present results serve to emphasize the importance 
of dietary regulation in the management of diabetes mellitus. Although, 
for a given fasting blood sugar value, there exists predictable limiting level 
of hyperglycemia regardless of oral intake of carbohydrate, the higher 
the fasting, or initial, blood sugar level, the higher will be the rise in blood 
sugar following ingestion of food. From the present studies we would 
predict that the limiting level of hyperglycemia would be reduced in pro- 
portion to the fasting blood sugar as the severe diabetic is brought under 
control with insulin. This problem is being investigated. 


SUMMARY 


The limiting level of hyperglycemia was determined by a 2-dose 
glucose tolerance technique in 46 diabetic and 15 non-diabetic individuals. 
In most cases, the 2-dose technique revealed the maximum level of blood 
sugar which could be attained by oral ingestion of glucose. This, by 
difinition, is the limiting level of hyperglycemia. A remarkably constant 
ratio existed between the fasting blood sugar value and the limiting level 
of hyperglycemia. In both severe and in mild diabetics, as well as in non- 
diabetics, the ratio of limiting level of hyperglycemia to fasting blood sugar 
levels fell within the range of 1.6 to 2.3 in 90% of cases. 
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INTRODUCTION 


The inhalation of quartz dust may be the prime cause in the patho- 
genesis of silicosis, but it is also believed that the susceptibility of lung tissue 
to the impingement of quartz dust is of some importance for the develop- 
ment of the disease. 

For this reason, the author has studied the other influencing factors 
than the dust inhalation itself, and had an opportunity to find a marked 
development of fibrotic nodules in the lungs of experimental animals made 
to inhale the quartz dust and X-ray irradiated. 

The results of this experiments have been pulished in the Tohoku 
Journal of Experimental Medicine." 

This work called my attention to the hypothesis of Dantin and 
Gallego”) in 1950 that the natural radioactivity of the rocks may play a 
part in the aetiology and pathogenesis of silicosis, and led me to an ex- 
perimental research of the hypothesis, for there is no experimental work 
on this problem. 

However, it seems to me an important thing to see whether the radio- 
active dust plays a part to the pathogenesis of the silicosis or not, not only 
as a researcher on silicosis, but also as a suffering human being under 
menace of terrible aero-dust produced by the explosion of atomic bombs 
of the atomic age. 


EXPERIMENTAL 
Method 


The author intended to know the influence of radioactivity through experi- 
mental pneumoconiosis, and it has been thought better to use some of the natural 
radioactive silicates comparing with non-radioactive silicates. 

The experimental procedures were divided into two parts. ‘The first series 
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of experiments was to see the effect of the low natural radioactivity on pneumo- 
coniosis and the second was to see that of the higher natural radioactivity. Low 
radioactive feldspar was used for the first purpose, and high radioactive allanite 
for the second. 

Beside the principal examination through inhalation of these dust, each 
experiment was preceded by preliminary examination by way of the subcutane- 
ous and intraperitoneal injection of suspension of these dusts. 

Description of dust materials 

The low radioactive feldspar was obtained from Ishikawa uranium mine 
field in Japan. The control feldspar, non-radioactive and almost similar in 
its chemical composition was obtained from Bunkei mine field in Korea. 

The result of chemical analysis of radioactive and non-radioactive feldspars 
was shown in Table I. 


TABLE I 
Chemical Analysis of Radioactive Feldspar and Control Feldspar 











Radioactive feldspar Non-radioactive feldspar 
(Ishikawa mine field) | (Bunkei mine field) 

Ignition loss 0.65 | 0.62 

Tolal SiO, 67.90 68.54 

Al,O, 17.90 | 17.50 

Fe,O, 0.06 0.13 

CaO | 0.65 | 0.80 

MgO trace trace 

Na,O 3.32 4.27 

K,O 9.49 | 8.02 

*Free SiO, 0.04 0.08 


* Free silica is analysed by means of N.A. Talvite’s method. 


The high radioactive allanite for the second series of experiments was pro- 
duced in Ishikawa uranium mine field. The control allanite was also obtained 
from near the Ishikawa uranium mine field. The result of chemical analysis 
of the high radioactive allanite and its contro allanite was as shown in Table 
II. Radioactivity of samples were presented in Table III and IV. 

Besides, alpha and beter tracks were seen in the autoradiograms of the 
radioactive feldspar and allanite. 

Experimental animals 

For study with feldspar, sixty-eight rats, either male or female of average 
weight of 180 gms were used. They were divided into two groups, one group 
of fourty-six rats for inhalation and the other group of twenty-four rats for 
subcutaneous and intraperitoneal injection. 

For study of allanite, sixty rats, either male or female of average weight 
of 180 gms were used. They were also divided into two groups. The first of 
thirty-six rats were used for inhalation, the other twenty-four rats were used 
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Tasue 


Chemical Analysis of Radioactive Allanite and 
Its Control Allanite 


(Mostly quoted from the analytical figures by K. Kimura and E. Minami) 





Radioactive allanite Control allanite 
(Ishikawa uranium mine) (in near Ishikawa field) 

Total SiO, 32.97 30.40 
Al.O, 14.51 15.45 
Fe,O, 3.58 
Ce,O,, 4.87 8.87 
ThO, 1.64 0.24 
vo, trace - 

FeO | 15.23 11.47 
MnO | 4.32 2.63 
MgO 0.74 0.06 
CaO 12.61 0.82 
H.O | 4.58 2.05 
SnO., | trace 0.66 
co, | 0.11 0.33 
Free SiO, | 0.05 0.06 

TasLe III 


Radioactivity of Samples of Radioactive Feldspar 
and Its Control Feldspar 





C.P.M. (counts per minute) for 28mm. Distance 


Radioactive feldspar (1 g) 78.0 


Control feldspar (1 g) 24.0 
Mean back ground 21.0 


TABLE TV 


Radiocctivity of Samples of Radioactive Allanite 
and its Control Allanite 





C.P.M. for 28 mm. distance 


Radioactive allanite (1 g) 822.0 
Control allanite (1 g) 54.0 
Mean back ground 21.0 


for the test of subcutaneous and intraperitoneous injection. 
Procedure of inhalation and injection of dusts 
The silicates, feldspar and allanite, were pulverized in a ball mill until 
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the dusts had 80% of the particles below 3 microns in diameter. These dusts 
were dried in a sterillizer for half an hour at 120°C immediately before use. 
The animals were made to inhale in a dust cabinet under high dust concen- 
tration. The dust in the cabinet was checked from time to time during the in- 
halation with a dustcounter and was held at values in the range of 11,000 to 
6,000 particles per c.c. 

In the case of injection, 2 gms of particles below 2 microns equivalent dia- 
meter each of the silicate dusts were shaken in a bottle containing 20 ml of iso- 
tonic saline and were sterilized by autoclaving for 60 minutes at 15 lb. pres- 
sure. One c.c. each of the dust suspension, corresponding to 100 mgs. of dust 
was injected. 

Pathological technique 

Routine postmortem examinations were carried out whenever an animal 
died or was sacrified. The lungs of dead or killed animal were gently distended 
by injecting about 10 ml of 10% formolsaline through the trachea which was 
exposed at the neck. Most of the air in the lungs was driven out by a gentle 
pressure on the sides of the thorax. The trachea was ligatured, the thoracic 
cavity was opened and the lungs, with the tied-off portion of the trachea, were 
removed and placed in the fixation for four days, blocks were selected in the 
usual manner, cut into sections and stained with haematoxylin-eosin and 
malloryazan or Bielschowsky stains. 


Results 


The pathological changes produced in the lungs of the animals have been 
assessed according to Belt and King’s®) classification. Five grades of fibrosis 
have been recognized as follows: Grade 1, loose reticulin fibers with non ocol- 
lagen formation; Grade 2, compact reticulin fibers with or without collagen 
formation ; Grade 3, slightly cellular, but almost collagenous ; Grade 4, wholly 
collagenous and completely acellular, and Grade 5, acellular, collagenous, and 
confluent. The details of the individual experiments have been summarized 
in Table V, VI, VII, VIII and IX. 

I. Experiments with feldspar dust 

The pathological changes following subcutaneous and intraperitoneal injections of 
feldspar dust. 

In the group receiving the radioactive feldspar subcutis, a severe degree of 
fibrosis (Frade 4) appeared in the subcutanous tissue as early as within two 
months. This nodules were 6mm in diameter in size. Histologically, there 
was a marked necrosis in the centre of these nodules. 

By 120 days, the fibrosis of these nodules was more advanced than that 
of the quartz fibrosis. In the case of intraperitoneal injection, a multiplicity of 
the nodules was produced on the peritoneum. The nodules were of a size of 
about 1mm in diameter. These nodules were formed within two months. 
There were some large nodules of 3 mm in diameter among these nodules. The 
degree of fibrosis of these nodules was mostly Grade 3. and so severe as in the 
case of subcutaneous injection. 











bol 























Influence of Radioactive Dust on Experimental Pneumoconiosis 135 
TABLE V 
Assessment of Fibrosis Following Subcutaneous Injection of 
Radioactive Feldspar and Non-radioactive Feldspar 
Radioactive feldspar | Non-radioactive feldspar 
e ne | Size of oe Size of es . 
survival Rat No. | Magi? | module —Fiptsis" | module Grade of 
: (mm.) 7 (mm.) cieiaieiad 
1- 30 1 K 5 3 0 6 
1- 30 2 K 6 + 2 ] 
31- 60 3 K 6 3 2 3 
31- 60 4 K 7 + 3 3 
61- 90 6 K 6 4 2 3 
61- 90 8 K 7 4 3 3 
91-120 9 K 7 4 4 3 
91-120 10 K 8 4 5 3 
121-150 11 K 6 4 3 3 
121-150 12 K 7 4 4 3 
151-180 14 | K 8 4 4 4 
151-180 15 K 8 6 3 
K: killed 
TABLE VI 
Assessment of Fibrosis Following Intraperitoneal Injection of 
Radioactive Feldspar and Non-radioactive Feldspar 
Radioactive feldspar Non-radioactive feldspar 
— , Size of ‘ . | . Size of ’ : 
Days of | Rat | Made of caida Grade of Rat | Mode of prceran Grade of 
suruival No death pease fibrosis No death fibrosis 
(mm.) (mm.) 
1- 30; 17 K l 2 i9 | K 0 0 
1- 30 18 K 2 3 20 K 2 | 
31- 60 16 K 2 3 21 K | > 4 
31- 60 5 K 3 3 22 K 2 2 
61- 90 | 23 K 2 3 24 K | 2 
91-120 7 K 2 + 25 K 2 3 
61-120 13 K PF 4 26 K 2 3 
91-120 10 K 3 27 K 2 3 
191-150 28 K 2 4 31 K 2 3 
121-150 | 30 D 2 4 34 E 
151-180 32 K 2 + 35 D 2 4 
151-180 | 33 K : + 36 E 
K: killed. D: died. E: eaten. 
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TABLE VII 


Pulmonary Alteration of Rats Exposed to Radioactive 
Feldspar Inhalation 








Days of survival Rat No. Days of inhalation | Mode of death| Grade of fibrosif 
99 106 21 D I 
99 | 107 21 K | 
100 105 21 E | l 
100 108 21 BE - 
100 110 21 D I 
100 111 21 D | l 
130 114 32 K | l 
130 115 32 K | 1 
226 116 111 K 2 
237 103 96 D 2 
243 102 70 D 3 
243 118 116 K 3 
330 120 140 K 2 
330 121 140 K | 2 
367 122 140 K | 3 
367 123 140 K | 3 
386 101 143 K | 3 
386 124 143 K 3 
441 125 148 D 3 
491 130 186 K 3 
493 134 186 K 3 
493 126 186 K 2 
546 128 200 K 3 
550 133 200 E | - 
550 131 200 K | 3 
550 129 200 K | 3 
560 104 64 K 3 
560 117 64 K | 3 
560 119 64 K 3 
564 132 200 K 4 
564 127 200 K 3 


K: killed. D: died. E: eaten 


TABLE VIII 


Pulmonary Alteration of Rats Exposed to Non-radioactive 
Feldspar Inhalation 











Days of survival Rat No. Days of inhalation | Mode of death) Grade of fibrosis 
42 201 27 K 0 
42 202 77 K 0 

128 203 77 K 0 
129 204 77 K ] 
187 205 77 K 0 
285 208 141 K 1 
330 209 14) K | 1 
384 210 141 K ] 
463 211 162 K 1 
528 asa 218 K 2 
530 213 218 K 2 
541 206 79 K | Ys 
541 207 79 D rs 


K: killed. D: died 
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TABLE IX 


Pulmonary Alteration of Rats Exposed to Radioactive Allanite 
Inhalation and Its Control Allanite Inhalation 





Experimental group Control group 





Days of Rat Days of Mode of _ Grade of Rat Mode of Grade of 





survival No. inhalation death fibrosis No. death fibrosis 
1- 30 301 17 K l al 311 K ‘i 0 
31- 60 302 33 K l 312 K 0 
61- 90 303 50 K 2 313 K 0 
91-120 304 63 K 2 314 K 0 

121-150 305 70 K 2 315 K 0 

151-180 306 88 K 2 316 K 0 

181-210 307 126 K 3 317 K 1 

K: killed 


In the control group, receiving non-radioactive feldspar, there were no 
nodules after subcutaneous or intraperitoneal injection in two months. In 
three months, the first outset of fibrotic nodules appeared subcutis, in which 
the largest one measured as large as 4 mm in diameter. 

The fibrotic progress of these nodules was not so rapid as in the case injected 
with radioactive feldspar, and the fibrosis reached Grade 3. In four months 
and six months, the degree of these fibrotic nodules reached Grade 4. The 
peritoneal processes were somewhat weaker in effect than the subcutaneous. 
The details of the individual experiments have been summarized in Table V 
and VI. 

Pulmonary alteration of rats exposed to feldspar inhalation 

Macroscopic appearances (experimental group receiving radioactive feldspar 
dust): The naked-eye appearance of lungs and pleura in this group made to 
inhale radioactive feldspar was quite normal and similar to that of the control 
group within six months. From nine months on, graysh-white spots of about 
2mm in diameter were seen on the surface of the lungs, mainly on the posterior 
sides. After 550 days the nodules increased in size and became more and more 
firm, and large patches of confluent fibrosis were seen involving the major part 
of the lung parenchyma. 

Control group (receiving non-radioactive feldspar dust): There were no 
recognisible changes on the naked-eye appearance of lungs and pleura in this 
group even in one year and more. 

Microscopic appearances (experimental group receiving radioactive feld- 
spar dust): In these lungs, small granuloms were to be seen as early as in the 
fourth month, and dust cells were aggregated around the small arteries and the 
small bronchi. At this stadium, some loose reticulin fibers were already seen 
in the maculae of dust cells. On continuing the experiment, the number and 
size of these aggregates of dust cells increased, and the loose reticulin fibers 
became more and more numerous and compact. In eight months, fibrotic 
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Fig. 1. Lung section from a rat inhaled radioactive feldspar showing 
compact reticulin fibers in the nodule (Grade 2.). Silver impregnation, x 100. 
Inhalation of radioactive feldspar dust (days of survival: 243 days; days of 


inhalation: 70 days). 

Fig. 2. Fibrotic nodule made up of dense collagenous fibers. The 
periphery of the nodule shows loose reticulin fibers (Grade 2.). Hx. E. x 70. 
Inhalation of radioactive feldspar dust (Days of survival: 330 days; days 
of inhalation: 140 days). 

Fig. 3. Lung section showing compact reticulin fibers and some col- 
lagenous fibers in the nodules (Grade 3). Hx. E. x70. Inhalation of radio- 
active feldspar dust (Days of survival: 493 days; days of inhalation: 186 
days). 

Fig. 4. Lung section showing fully collagenous and confluent fibrotic 
nodules (Grade 4). Hx. E. »70. Inhalation of radioactive feldspar dust 
(Days of survival: 564 days; days of inhalation: 200 days). 


nodules with compact reticulin fibers were produced in a part of the lung tissue, 
mainly in the subpleura, and the interstitium became thickened. During 400 to 
500 days the compact reticulin fibers were replaced by a collagen, but these 
changes were only partial in the lung tissue. 

Even after 560 days, abundant dust cells were still seen and the hyaline parts 
or collagen element were still rather scanty. 

Control group receiving non-radioactive feldspar dust: The histological 
changes in the lungs were first seen only in 400 days and only slightly. The 
recognisable pathological changes were only the aggregation of dust cells in 
the alveolar wall and around small arteries or small bronchi. 
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Fig. 5. Lung section showing only slight aggregation of dust cells in lung 
tissue (Grade O.). Hx. E. X70. Inhalation of control non-radioactive 
feldspar dust (Days of survival: 285 days; days of inhalation: 141 days). 

Fig. 6. Lung section showing evident many granuloma with loose 
reticulin fibers and compact reticulin fibers (Grade 1.). Hx. E. 70. In- 
halation of control feldspar (Days of survivial : 530 days ; days of inhalation). 

Fig. 7. Lung section of a rat inhaled radioactive allanite dust showing 
severe fibrotic lesion on the periphery area of the bronchioles. The grade of 
these fibrosis on this nodule extend to Grade 2, fibrosis. Hx. E. 40. 
Inhalation of radioactive allanite dust (Days of survival: 66 days; days of 
inhalation: 50 days). 

Fig. 8. Lung section of a rat showing a round nodule with reticulin 
fibers on the periphery area of the bronchioles (Grade 2). Silver impregna- 
tion x70. Inhalation of allanite dust (Days of survival: 72 days; days of 


ue, inhalation ; 50 days). 
) to 
lese II. Experiments with allanite dust 


The pathological changes following subcutaneous and intraperitoneal injection of 
arts allanite dust 
In the experimental group receiving radioactive allanite dust into subcutis 


ical and the peritoneum cavity, a severe lesion occurred as early as in one month. 
The The nodules after subcutaneous introduction were produced at an extremely rapid 
in rate. The notable change of these nodules was severe necrosis in the centre 


ofthem. In 60 days, the centre of these nodules became soft and formed caverns. 
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Fig. 9. Lung section of a rat showing a remarkable fibrotic lesion on 


the periphery of the nodule with accumlation of dust cells (Grade 2). Silver 
impregnation *70. Inhalation of radioactive allanite dust (Days of survival ; 
120 days; days of inhalation: 70 days). 

Fig. 10. Remarkable damage in the lung tissue of a rat inhaled 
radioactive dust (Grade 3). Hx. E. «70. Inhalation of radioactive allanite 
dust (Days of survival: 208 days; days of inhalation: 126 days). 

Fig. 11. Photomicrograph of the rat lung tissue inhaled control dust 
not showing notable pathological changes without some accumulation of dust 
cells in alveolus. Hx. E. 70. Inhalation of control allanite dust (Days 
of survival: 125 days; days of inhalation. 70 days). 

Fig. 12. Photomicrograph of the rat lung tissue showing some granuloma 
with weak reticulin fibers and dust cells (Grade 1). Hx.E. 70. Inhalation 
of control allanite dust (Days of survival: 208 days; days of inhalation: 
126 days). 


Dense compact reticulin fibers were seen on the outside of these caverns. The 
average size of these nodules of this stadium was 7 mm in diameter. In all, 
the degree of the lesion was more severe than that due to radioactive feldspar 
dust. 

In the control group receiving slight radioactive dust, there were no notable 
lesions in subcutis and intraperitoneum cavity within two months. 

By five and six months, many small nodules with about 2 mm in diameter 
were seen in the subcutis and intraperitoneum cavity. However, the necrosis 
in these nodules due to this control allanite dust was not so severe as the case of 
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Fig. 13 





A B 


Fig. 13. A. Rat lung inhaled radioactive allanite dust (Days of survi- 
val: 50 days; days of inhalation: 33 days). A remarkably nodular spots 
are seen on the surfaces. 

B. Rat lung inhaled control allanite dust (Days of survival: 50 days ; 
days of inhalation: 33 days). No nodular spot on the surfaces. 

Fig. 14. Showing the nodule after subcutaneous injection of | cc. of 
a suspension containing 100 mg. of radioactive allanite dust. Hx. E. 20. 


radioactive allanite dust. 

Pulmonary alteration of rats exposed to allanite dust inhalation 

Macroscopic appearances: In this experimental group receiving radio- 
active allanite, there appeared many nodular spots on the surface of the lungs 
in one month and in later months. These nodular spots increased steadily in 
size and became firmer until the final experiment. 

In control group, no nodular spot was seen on the surface of the lungs 
even in six or seven months. There was no evidence of fibrosis throughout 
the lobes until the end of experiment. 

Microscopic appearances: In the lungs receiving radioactive allanite dust, 
a conspicuous difference could be observed in the lung tissue between this 
experimental group and the control. A progressive severe pulmonary fibrosis 
was seen in the lung tissue of the former group. 

After 50 days these nodules showed well-formed features and, what is more, 
lymph nodes were observed between the vessels and the bronchi. Compact 
reticulin fibers were seen in these lymphnodes in part. Progressive granulomata 
were almost always produced in the surroundings of the dilated vessels of the 
lungs. The dilation of vessels was seen extensively over the lungs. But the 
collagen formation of the nodules was not so much as to notice. In 71 days, 
these nodules became larger and multiple. The fibrosis in the lymphnodes 
advanced more and more, but collagen fibers did not develop so intensively 
as seen in the case that inhaled quartz dust. At 120 days after inhalation, the 
features of the nodules were confluent and the number of reticulin fibers inceased. 
In 188 days, they became fibrotic nodules of the grade 3 fibrosis in a part of the 
lungs. This degree of progress had a striking contrast with that of the control 
lungs. 
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In control group, dust particles lay freely with commencing aggregation in 
the alveoli by 90 days of experiment. In 180 days, the fibrotic feature was not 
seen throughout the lung tissue but aggregations of dust particles were found in 
the alveoli. In 180 days and after, these aggregates were somewhat compact 
and held together by fine reticulin fibers. The details of the individual ex- 
periments have been summarized in Table IX. 


Discussion 


It is generally known that many silicates except asbestos are inert to 
the lung tissue. 

However, from the experimental results with feldspar dust, I have 
come to know that natural radioactive feldspar make fibrosis in animal 
lungs by artificial introduction of its dust. The control lung made to 
inhale nonradioactive feldspar did not show any fibrotic nodule. 

From these results of the first experiment, it is supposed that the 
natural radioactivity may have an effect to cause fibrosis of the lungs. 

To ascertain this, the second experiment was undertaken with allanite, 
more radioactive than the former. This second experiment induced a 
more remarkable fibrosis of the lungs in a relatively short time. 

By these results, I could asertain that radioactive silicate had an agency 
to cause fibrosis in the lung tissue when the dust was inhaled into the lung. 

These silicates, radioactive feldspar and allanite, had only a trace 
of free silica in the composition, so we can consider that these fibrosis 
was mainly caused by the natural radioactivity of these silicates. 

In a former paper appearing in this journal, the author has demonstr- 
ated that X-ray irradiation could cause a rapid and intensive development 
of experimental silicosis. Therefore it seems not unreasonable that the na- 
tural radioactivity would influence the susceptibility of the lung to fibrosis 
in a similar way as X-ray. So that the Dantin and Gallego’s theory was 
demonstrated by these results. 


CONCLUSION 


1. Experimental pneumoconiosis by inhalation of slight radioactive 
feldspar dust was developed in form of progressive fibrotic nodules in 
animal lungs. 


2. Experimental pneumoconiosis by inhalation of control non- 
radioactive feldspar dust was negative to make fibrotic nodules in the 
corresponding periods. 

3. Experimental pneumoconiosis by high radioactive allanite dust 
was rapidly and intensively developed in form of fibrotic nodules in animal 
lungs within short time. 

4. Experimental pneumoconiosis by control allanite with a slight 
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radioactivity was not so severe, and the process of the fibrosis was slow 
and weak in comparison with the preceding case. 

5. From these results mentioned, we might conclude that the natural 
radioactivity of rocks, when its dusts are inhaled, will cause the formation 
of fibrotic nodules in the lungs. 
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The present investigation aims to know how hypothermia affects the secretion 
of 17-hydroxycorticosteroids of the adrenal glands in non-anesthetized dogs. 

The experiments were performed in 5 dogs. The adrenal venous blood was 
collected by the lumbar route method of Satake, Sugawara and Watanabe”), 
without anesthetizing or even fastening the animals. The plasma was separated 
from the collected blood samples by centrifugation and was analyzed for 17- 
hydroxycorticosteroids by the method of Nelson and Samuels*). In order to in- 
duce hypothermia, the animals were immersed into ice-water for 19-45 minutes 
and were then taken out. The body temperature fell markedly from 38.8-40.0°C., 
its lowest level (26.3-32.0°C.) being noted 5-25 minutes after the withdrawal from 
the ice-water bath. Then it rose gradually. 

The basal rate of 17-hydroxycorticosteroids secretion was determined as 
0.17-0.48 wg. per kg. of body weight per minute, the average being 0.30 ug. 
After the cold application it increased invariably, 0.35-1.0 ug. being reached. 
Compared with the initial rate in respective cases, the maximum was |.7-2.9 fold. 
In 2 out of 5 cases an increase in the secretion rate was observed soon after the 
withdrawal and the maximum was reached within 20 minutes or so. In 3 others, 
however, an increase was preceded by a 20-60% decrease in the secretion rate, 
the maximum increase being observed within 1-2 hours. 

These experimental, results are not in consonance with those obtained by 
Egdahl, Nelson and Hume®) in anesthetized dogs. In their experiments only de- 
finite fall in the 17-hydroxycorticosteroids secretion rate was observed. 


References: 1) Satake, Y., Sugawara, T. & Watanabe, M., Tohoku J. Exper. Med., 
1927,8,501. 2) Nelson, D. H. & Samuels, L. T., J. Clin. Endocrinol., 1952, 12,519. 3) Egdahi. 
R. H., Nelson, D. H. & Hume, D. M., Science, 1955, 121, 506. 
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Studies of High-molecular Placental Components 
in Connection with Pregnancy Toxemia 
Sixth Paper: Pentosenucleic Acid* 
By 
Hajime Masamune and Hirosi Yosizaki 
ce 4 (5 i  £) 
From the Medico-chemical Institute (Director: Prof. H. Masamune) 
and the Department of Obstetrics and Gynecology (Director : 
Prof. T. Shinoda), Tohoku University, Sendai 
(Received for publication, October 22, 1956) 


The pentosenucleic acid was prepared starting with ‘“‘ Crude PNA I” 
and “ II’, which had been obtained and set aside when itinsulfuric acids 
were isolated from placentas.'!) The materials were fractioned at pH 6.8 
with barium acetate and at pH 6.0 with calcium chloride to free from the 
contaminating DNA. The preparation from “‘ Crude PNA I” (Prep. I) 
contained less than 5°% DNA but that from ‘‘ Crude PNA II” (Prep. IT) 
even more than 30°, DNA. However, Prep. I could be applied only for 
skin reaction because of shortage of material, and other biological assays 
were made on Prep. II. Judging from the results in conjunction with 
those on DNA’, placental PNA injures not only liver but also kidney in 
pregnant rabbits like as Protein III (See a forthcoming paper*?) in dis- 
tinction from other high-molecular placental components including DNA. 
Kidney lesion is one of the changes in visceral organs characteristic of 
pregnancy toxemia. 


EXPERIMENTAL 
Preparation Procedure 


“Crude PNA I” and “Crude PNA II” in the foregoing com- 
munication!) were employed as materials. Prep. J. ‘‘ Crude PNA I”, 
which had been separated after extraction of the tissue brei with 0.14 M 
NaCl, was suspended in 30 cc. of water and dissolved by adding 1% NaOH 
to pH 6.8 under agitation, and 10 cc. of a 20% solution of crystalline barium 
acetate adjusted to pH 6.8 with acetic acid were added. The mixture 
was placed in an ice-box overnight, and the white flocculent precipitate 
was centrifuged off and washed with 40 cc. of 5°%% barium acetate (crystal- 





* 11th information of ‘“‘ Nucleic Acids’? by Masamune and co-workers. 
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line) of pH 6.8. Redissolution and reprecipitation was processed 4 times. 
Next, the last deposit was stirred up in 30 cc. of water at 0°C, and after 
agitation with some sodium sulfate, centrifuged in a refrigerated centrifuge. 
The supernatant was dialyzed against running water (5°C) for 3 days and 
neutralized to pH 6.8 with 1% NaOH. Precipitation as barium salt and 
turning into sodium salt was carried out over again. And, the solution 
containing the sodium salt (30 cc.) was dialyzed, whereby its pH was shifted 
to 6.0 and its volume increased to 40 cc., chilled to 0°C and added to with 
23.6 g. of anhydrous calcium chloride slowly under continuous cooling. 
The white deposit was filtered off, washed with 59% CaCl, (pH 6.0) at 
0°C and suspended in 30 cc. of 10% NaCl similarly cooled. The sus- 
pension was stirred up by means of a homogenizer, and the solution given 
was dialyzed against running water (about 5°C) for 5 days and precipitated 
with 3 volumes of alcohol containing 0.05 M HCl. Centrifuged. The 
centrifugate was washed with the alcohol containing hydrochloric acid, 
85% and 99% alcohol and ether in turn and dried in vacuo over CaCl. 
58 mg. of a white powder was yielded. 

Prep. II. The material started with was “ Crude PNA II”, which 
had been obtained as “Crude PNA I” was, employing 0.4 M NaCl for 
tissue extraction. It was submitted to a procedure similar to above, and 
163 mg. of Prep. II (a white powder with yellowish hue) was given. 


Physical and Chemical Properties of the Preparations 


Test-tube tests. Prep. I. Biuret, Goldschmiedt and Neuberg-Sane- 
yoshi negative. Dische (for DNA) almost negative. Molisch, Bial and 
tests for phosphorus and purine markedly positive. 

Prep. II. The tests resulted as in Prep. I, except for Dische test which 
showed the positive reaction. 

Base paper-chromatography of Prep. I. Because of abundant DNA 
contamination, Prep. II was not examined in this respect. 

4.7 mg. of Prep. I was sealed together with 0.5 cc. of 1 N HCl in a 
tube and heated at 100°C (water-bath) for 1 hour, and 0.03 cc. of the 
hydrolysate was sampled on a sliver of Toyo Roshi filter paper No. 3. 
The solvent for irrigation was a mixture of tert. butyl alcohol, conc. HCl 
(sp. gr. 1.18) and water in the volume proportions of 70:8:24. Irrigation 
ascending. Duration and temperature of test were 50 hours and 25°C 
respectively. Indication was effected as Masamune and Sakamoto®) de- 
scribed in the article regarding DNA analysis. As reproduced in Fig. 1, 
the chromatogram showed spots at the positions corresponding to guanine 
(Rf 0.30), adenine (Rf 0.46), cytidylic acid (Rf 0.65) and uridylic acid 
(Rf 0.87). 

Composition. ‘The analytical figures obtained are embodied in Table I. 
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TaBLe I 
Composition of Prep. I and II 
() Prep. I Prep. II 
Analysis Sm per a re per | In 
cent cent ratio 
(s) N* 15.3 | 14.6 
Pt 8.2 | < oo 
| N/P 1.9 1.9 
@ Sry hag oe | 95.5 | | 67.7 | 
(;) oe DNA | 47 | 310 | 
Molecular ratios 
Bases{ calcd. to a total 
of 4: 
Adenine 5.7 0.84 
x Guanine 11.8 1.56 
Cystosine i7.5 1.11 
Uracil 7.9 0.49 
Purine/Pyrimidine i435 
Fig. 1. Base paper = a qpix: 44 2.4 
chromatogram (2/9x) of 
the hydrolysate of Prep. I. * Micro Kjeldahl. + A minor modification of Plimmer 
1, guanine. 2, adenine. method*). }{ Cysteine-sulfuric acid method®). § Seibert di- 
3, cytidylic acid. 4, urid- phenylamine method®), // Converted into Prep. 2 of human 
ylic acid. spleer DNA of Sakamoto’). { A modification of Smith and 
Markham’s method’) ; Kindly analyzed by Dr. M. Saka- 
moto. ** Pregl method without use of H,SO,. 


Precipitability. Both the substances are precipitated from water not 
only by barium acetate and calcium chloride but also by lead acetate and 
cupric chloride. 

Electrophoresis. Either of the preparations showed a single boundary 
after electrophoresis at pH 7.7 as well as 4.6. See Fig. 2. 

Ultraviolet absorption. The absorption spectra of the preparations are 
plotted in Fig. 3. 


Biological Assays 


A part of the experiments was carried out by Dr. H. Kawakami 
in the Department of Obstetrics and Gynecology, Fukushima Medical 
School and will be published in detail elsewhere.) The results includ- 
ing Dr. Kawakami’s will be briefly described. 

1) Histological changes in liver and kidney of pregnant rabbits 
after injection of Prep. II. Three pregnant rabbits were injected intraven- 
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SC. SC. 


Fig. 2. Electrophoretic patterns (4/5) of 1% solutions of Prep. I (I) 
and II (II) in phosphate buffer pH 7.7, I 0.2 (a) and acetate buffer pH 4.6, 
10.2 (6) ; current 10mA. Tested at 17, 15, 18 and 15°C and exposed 30, 22, 
21 and 21 minutes after starting current in Ia, Ib, Ila and Id respectively. 


Mobility : 
Ia, Ses Renee x 0.3 = —21.07 cm?/volt/sec x 10-5 
(—1.55) x 0.005678 x 0.3 
™, ‘ak x mae er 2 
(—1.15) «0.008291 «0.3 
a, acu allie 5 
mp, (1-50) x0.005470x0.3__ 19 54 ; 


1260 x 0.01 _ 


ously (auricular vein) with 5 mg. per kg. body weight of the substance as 
a 0.5% solution in physiological saline (The solution was prepared by the 
aid of NaOH (0.01 N). Its pH was 6.8). The animals died 5-24 hours 
after the injection. The histological findings are illustrated in Table II. 
Two of the rabbits underwent necrosis and necrobiosis of liver and nephro- 
sis observable in human pregnancy toxemia in distinction from the animals 
injected with the placental DNA.?? 

2) Effect on blood pressure of pregnant rabbits. Three urethane- 
narcotized pregnant rabbits were injected with Prep. II in the same dose 
and manner as in 1). The blood pressure in carotic artery was elevated 
8-12 mm. Hg in two of the animals, differing from the case with the 
placental DNA.’ In a third animal, it rather lowered as in the control 
for the DNA experiment by Mugikura.?) See Table III. 

3) Effect of Prep. II on time of pomphus absorption in pregnant 
rabbits. The assay was processed as described in the foregoing report.'? 
As shown in Table IV, the time of pomphus absorption was lengthened 
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Fig. 3. Ultraviolet absorption spectra of a 0.00475% solution of Prep. 
I (I) and a 0.00492% solution of Prep. II (II) in N/3000 NaOH. I: 
maximum absorption 4 256my, e(P) 11200; minimum absorption 4 230mp, 
e(P) 5500. I: maximum absorption 4 257mp, ¢(P) 11500; minimum ab- 
sorption 4 230mp, e(P) 5300. 
Tasve II 
Histological Changes in Liver and Kidney of Pregnant 
as Rabbits after Injection of Prep. II 
he Symbols —~+- regarding histological changes signify the same as the cor- 
y g g g' g 
urs responding symbols in the paper of Kanno et al.) 
IT. Liver Kidney | 3 
r0- ¢ + a: : 
als Rabbit be = ne 
>~| 2 Ss c | >a | & 
1S —_ o 72] i - 
ee = 3 Big ig 
eles & 5 4/2] § 
ne- | 5 Sle/B|_]o elsle | « 
ose a | 3 212/2/3/2]s% Slo} Ss] § 
wels lalel*lslels|Ssielelsl/<2] 2 
ted No. Wee) |S) SS BlBle|Sloelei eg!) 1s] ee) 2 
el eblFlelsislals|eeialelel ss) § 
the e/ES/ Si S/S Pls /e/S5)/ Fis) es) Ba] 2 
ae AJF |4/Z2/S/al/alFlo |z2/Slalje< < 
142 3000 | 23] 10 |/+/+/+/4+/4+]-] -— |+ | * | - 
ant 143 4500 | 23) 5 |—|-—|4 otto h -|- # | 
1) 144 3000 | 23| 24 +/+/#]/+]/-]-| - #i/-|-| # | - 
ned * Cellular infiltration and swelling of the sheath. t+ ++: strong aggravation. 
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Taste Hi 


Blood Pressure in Carotic Artery of Pregnant Rabbits after 
Injection of Prep. II 





Blood pressure (mm. Hg) 











Rabbit f , a Pe 
| Pino Bef Time after injection (min.) 
| elrore 
No. Wt.(g.) | injection | 0.5 1 3 5 7 
145 3000 23 | 98 | 95 93 97 102 110 
146 4500 | 23 100 | 98 98 98 102 108 
147 3000 | 23 100 | 98 92 90 92 98 
TABLE IV 


Effect of Prep. II on Time of Pomphus Absorption in Pregnant Rabbits 





Time of pomphus absorption (min.) 











; Rabbit Days of af pT es 

No. Wt(g.) > Before injection of Prep. II | After the injection 
148 3000 | 23 7 | 6 

149 4500 23 6"/, | MIs 

150 3000 | 23 | 5 | 76 


in two of three animals used, and shortened in the remaining. 

4) No albuminuria occurred in any of the animals in Table II. 

5) No positive precipitin reaction occurred at all, when 1% and 
progressively diluted solutions of Prep. II in physiological saline were layed 
over sera of non-pregnant, normal-pregnant and pregnancy-toxemic women. 
See Table V. 

6) Skin reaction. The assay was processed also as described in the 
foregoing article,!) employing Prep. I, and the results in Fig. 4 were given. 
Normal-pregnant, puerperal, pregnancy-toxemic and particularly cancer- 
suffering women looked to react more intensively than the non-pregnant. 


‘ 


SUMMARY 


1. Pentosenucleic acid was prepared from human placentas in 
electrophoretically homogeneous state. Prep. I was contaminated only 
with less than 5% DNA, but Prep. II with more than 30% DNA. They 
were investigated not only chemically but in biological connection with 
pregnancy-toxemia. 

2. Prep. II caused histological lesions in liver and kidney and elevat- 
ed blood pressure, when injected intravenously into pregnant rabbits. It 
also prolonged the time of absorbing a blister produced by subcutaneous 
injection of physiological saline in pregnant rabbits. Prep. I showed 
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TABLE V 


Precipitin Reaction of Prep. II with the Sera of Non-pregnant, 
Normal-pregnant and Pregnancy-toxemic Women 








Symbol — signifies no occurrence of the reaction. 
| Dilution of the antigen (1: ) Symptoms of patients 
No. of Se — 
individual | 1022x102 «3x102 «4x 102 Blood pressure Albumi- Edema 


(mm. Hg.) nuria 
Sera of non-pregnant women 


1 = ax = 7 

2 ci ra Es 

3 Ss aS RE = 

4 ‘al = = = 

5 as ie = - 

~ —— ——--— — - 2 - 

Sera of normal-pregnant women 

6 = s = 

7 Ss 5 = = 

8 = és _ = 

9 - ae es = 

10 ~ - — — 

1] _ — - _ 

Sera of pregnancy-toxemic women 

12 _ — _ — 156-100 (++) (+) 
13 - _ - - 136- 90 (H#) = (+) 
14 - ~ _ — 120- 90 (- (+) 
15 - - . - - 158- 90 (+) (+) 
16 — - - - 150- 90 (+) (+) 
17 - - — - 160-100 (+) (+) 








tendency of giving the positive skin reaction for pregnancy and cancer. 
3. Placental PNA must be a strong factor inducing pregnancy 
toxemia like placental proteins of which Yosizaki will inform later on.” 


Through the Grant Committee for Scientific Researches the Ministry of 
Education gave a grant in aid to us, which is gratefully acknolwedged. H. 
Masamune. 
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Fig. 4. Showing skin reaction of Prep. I in non-pregnant, normal-preg- 
nant and puerperal women and pregnancy-toxemia- and cancer-patients. 
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Excitation and Initiation of Impulse 

Part I. Stimulation with Constant Current 
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(Received for publication, October 28, 1956) 


General Introduction and Way of Approach 


In investigations hitherto made on the law of excitation, it has always 
been the excitation at the stimulated locus that was considered in theories, 
while it has been the propagated impulse that was employed as index of 
excitation in experiments. This might have been a source of confusion, 
because excitation and conduction are not always identical. 

Rushton’), later Yamagiwa?)**, claimed that a certain minimal 
length L of a fibre must be excited for initiation of impulse. According to 
them, an excitation of a fraction of L remains localized or conducted just 
locally, although graded in size of potential or of conducted distance, ac- 
cording to the size of the fraction excited. Whether this genuine “ local 
response ”’ is identical or not with the so-called “‘subthreshold activity” 
(see Stampfli®), is a problem, but it is a different matter here. 

Now, if such a length L really exists, then simple excitation is con- 
cerned with a “ point’, while initiation of impulse with simultaneous 
excitation of the whole L. From this consideration, theoretical treatments 
can be developed on various experiments concerning initiation of impulse. 
In the present argument, eq. (1) (Fig. 1) derived by myself recently?’*® 
was adopted as the quantitative basis of L, when necessary : 

A 
y=k In f (l1—e *’) (1) 
x: active (excited) length, 
y: resting length to be activated by x, 
k,k’: length constants of resting and active membranes, 
Vv 
5” 


ff: safety factor for local excitation (=<, V peak value of action potential 


and § threshold in terms of V reduced properly). 


Assume for simplicity that the stimulating current spreads in one 
direction only, and pay attention to the point L (Fig. 1) were y=x. The 
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Fig. 1. Normal y-x-relation in squid giant axon, schematic. k=5 mm; 
10.1 mm ; L=;0.11 mm ; f==10 (assumed). 








length OL (simply L hereafter) represents the minimal length above 

mentioned. Now, the current Il, at x=L must be weaker than I, at x=0 
_£ L 

where the electrode is set, because IL=I,e * =Lo(m=e k>1). There must 


be some time difference 4t between the moments of excitation, ty) and 
tt, of the two points. The necessary condition for propagation is then 
practically 4t=t,.—t=D, D being the duration of excitation at x=0. 
Our task is to evaluate t, and tp and equate 4t<D, to examine the results 
therefrom. 

A rough examination was attempted previously”). The present paper 
aims at its completion, revising and extending it much farther. Figures 
and notations were changed in part. Simple repetitions were avoided 
except of essential points. 

& £ & oe 

Eq. (2) which has appeared repeatedly in the literature*’-”) was chosen 

as a representative of the law of excitation : 
I=—*_ (2) 
l—e * 
I: applied current, 
iy: rheobase for excitation (for too), 
a@: time constant proper to nerve (=k gp, Hill’s constant of local potential). 


This equation yields I, (I for t=co)=7,, which means that the applied 
current itself becomes identical with i,, in the extreme case. However, the 
matter appears quite different if viewed from the present theory, as shown 
below : 
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At points x=0 and x=L respectively, 














I=l,=—*, ; I=h.=—= ~ 
l—e « l—e « 
which give 
t,=aln a te=aln Io (3) 
I,—i,’ ~ I,—™mi, 
Hence, At=t—ty= (te+0e)—(t,+0,) an *—* + (0,—4,) 
0 r 


6,2: latencies at x=0 and x=L. 


@ must be a function of intensity and duration of the pulse®’, but m being 
very near unity as will be stated later, and accordingly I, and I, very near 
each other in normal cases, (0,—6,) will be small enough to be neglected 





I,—i, 
I,—mi,’ 
gation is then 


against aln at least when I, is small. The condition for propa- 


A=eln — <p (4) 


o— mi, — 
I,, the smallest value of I, which satisfies eq. (4), that is, the rheobase for 
propagation, is 





D 
Lie itl +2 . }=myi, (5) 
ez—|] ez—] 


m—| ] 
iat her D se 


ez —] 





In case i;<1)<I,, a localized excitation will take place in the vicinity 
of the point x=0. 
Introducing eq. (5) into (3), 


This t, represents t,, the so-called ‘‘ Hauptnutzzeit ’’, because t, in general 
is nothing but the utilization time being explored in experiments. Hence, 


t= a In (6) 


Eq. (5) expresses that the current flowing at x=0 in the so-called rheobasic 


, es ‘ Ls: ’ 
stimulation is my-times, and the current at x=L (7 is y-times larger 


than i,. The value of y depends upon m, D and «. In frog’s motor nerve, 
we may put D1 msec, and «0.5 msec in average, so 
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-7,8-—! 1 4 mF 1 
TS ee 


The normal value of m is estimated to be about 1.02 as will be shown in 
Part II, hence 71.003 and a +3 10°. Then, putting y=1 in eq. (5), we 
one 


have I,=:mi,=+1.02 1,, and from eq. (6), t-+0.5x2.3x2.552—3 msec. 
We see thus that 1) I, is larger than i, by a few %, and 2) t, is as large as 
a few msec, which is just about the value actually obtained. It is important 
to remember here that I, is the rheobase for propagation, and t, the utiliza- 


ta I , 
tion time of = flowing at x=L. 


In the previous paper”’, it was shown that Weiss’ and Nernst’s equations 
give similar results, too. Other equations will do the same, provided that 
I as a function of t yields gradually larger At for gradually smaller I. 


II. Repetitive responses 


Nerve fibres are known to respond repetitively to long-lasting constant 
current. The characteristics are said to be considerably variable, but the 
typical ones seem to be the following three : 1) larger frequencies in stronger 
stimuli, 2) gradual decline of frequency with time, and 3) cessation of the 
response after a certain time. If assumed that each response does not 
disturb the local processes, then the cessation of the response is compre- 
hensive from the theory of accommodation as the result of i,-rise up to 
the level of the local potential evoked (Katz®’), but the other two are not 
always so, because, the local potential being assumed to remain fixed after 
once evoked, the response interval should be determined solely by the re- 
fractory period. 

If viewed from the present theory, whether the response is repeated 
or not, depends upon whether eq. (4) is established or not for new Jt 
after the first response. One possible occurrence may be a gradual rise 
or i, or m with time, which makes t;». (eq. (3)) and dt (eq. (4)) gradually 
larger. Leaving this to be dealt with in Part III, we will consider here 
another possibility, i.e., the gradual rise of «. This is a speculation at pre- 
sent, but seems fairly probable as a result of gradual reduction of the mem- 
brane polarizability, probably taking place in repeating the responses. If 
it occurs, then it, too, enlarges both t,, and 4t. Gradually larger t, will 
result in gradual prolongation of the response interval, and gradually larger 
4t in cessation of the response at the moment where 4t=D is reached. 
The higher frequency in stronger I, is shown in eq. (3) (for t,) itself. 
The three typical features can thus be well understood, without intro- 
ducing ‘“‘ accommodation” although just qualitatively. 
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Important findings have been made by Katz® and Sato! that fibres 
with small £, (the liminal gradient, see Part II) or large 2 (Hill’s con- 
stant of accommodation) are liable to give rise to repetitive responses. 


I,(m—1) Ir 7Dm 
In the present theory, £. Dm (Part II, eq. (1)) and a gre 


Small £, means therefore small I,, small m (>1) and large D. Large 
also means small m and large D. Evidently, large D makes the establish- 
ment of the condition 4t<D easier. Small 7, and m (accordingly I,) do 
the same by reducing 4t. Katz’ and Sato’s findings can thus be explained 
satisfactorily. Sato’s'’ and Diecke’s!®) observations that a larger Nav- 
concentration of the bathing fluid makes £, smaller and at the same time 
repetitive responses easier, are very interesting in this connexion. 


DiscussION 


1) Existence of L. The length L is not yet verified experimentally 
because of methodical difficulties, but the possibility is suggested also by 
an ideal experiment, as follows : 

Suppose a fibre separated into halves by a wall of zero thickness, and 
the surrounding medium shunted over the wall with a break-key in the 
circuit. Excite the fibre at its one end, and break the key shortly after the 
impulse has reached the wall. If the time is short enough, the impulse 
would not propagate beyond the wall, because there must be some utiliza- 
tion time as regards the action current as stimulus. Denote the critical 
time by Jt and the conduction velocity measured separately by v. The 
quantity v x 4t represents the length which has been travelled (activated) 
during 4t by the impulse. The actual cause of interruption must have 
been that v x 4t was not large enough for evoking further propagation. 

2) Strength-duration relation in initiation of impulse. 1) Current 
and time to be related. Eq. (2) may be granted as a law of local excita- 
tion. But, as stated above, the time t explored in experiments employing 
propagated impulses as indices, is nothing but t, (eq. (3)), the utilization 


time of te flowing atx=L. Therefore the obtained t should be related 


to ~, but not toI,, 2) The region of I,<I, and t>t,. As long as eq. 


(2) is correct, I, weaker than I, (but stronger than 7,) and t larger than 
t, must also be effective for eliciting a local excitation. But as far as 
initiation of impulse is concerned, I, and t, represent respectively the weak- 
est current and the longest time available, and, therefore, the point (I,, 
tr) in the strength-duration-curve marks the termination of the curve, 
theoretically as well as practically. The continuation of the curve might be 
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drawn horizontal, but it has no significance. 3) Eq. (3) as the proper 
expression of the relation. From 1) and 2) above, it follows necessarily 
that the theoretical strength-duration-relation in experiments employing 
propagated impulses as indices should be expressed by eq. (3), not eq. (2), 
in combination with a limitation in t, as follows: 





I 
t= «In —°—., t-St,. 
I,—mt, 
1, 
te? 


l—e « 


and multiplying by ym, and 





Or, taking the original form, = 


replacing t, by t, 
ilo=—*, tt, (=t-n=aln 2) 
l—e « 

This equation is scarecely different from eq. (2), but there are two points 
to be noticed, i.e., I, and tst,. I,, the rheobase for propagation, is a 
certain definite quantity which can be caught experimentally, in contrast 
toi, which isimaginative. The limitation tSt,, excluding the region of t>t,, 
makes us free from the ambiguities and uncertainties which we have en- 
countered in theoretical considerations of the whole range of t in connexion 
with i,. 

3) I, andt,. Hill’s interpretation‘) of the so-called rheobase and its 
utilization time fails when no accommodation occurs. Hashida'®) made 
distinction between theoretical (for t=co) and experimental rheobases, and 
took it, as the utilization time of the latter. This made the matter simpler 
and clearer, but still it was strange, as well as suggestive, that a slight 
reduction of the applied voltage makes the stimulus totally ineffective, or, 
so to speak, the utilization time jump from t, abruptly to ~. 

I, in the present theory might appear to correspond to Hashida’s ex- 
perimental rheobase, and t, to its utilization time. But in the present 
argument, the appearance of I, and t, of certain definite values is a matter 
of theory, not simply of practice, expected to occur in the extreme case. The 
abrupt jump of t, is in actuality an expression of 4t>D, and does never 
mean a true elongation of t,. The point is that I, refers to the point x=0 
and t, to the point x=L. 

4) I,andi,. The existence of i, seems highly probable, but as long 
as the present theory is correct, it will never be detected by employing pro- 
pagated impulses as indices, because what is caught in this way is I, and 
not 7,. 

5) 7 (chronaxie)-«- and r-t,-relation. If « is replaced by ki (Hill’s 
constant of local potential), eq. (2) turns out Hill’s equation itself. There- 
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fore, c-a-relation is nothing but r-k,zp-relation in Hill. 
Now, 7z-«-relation, if derived directly from eq. (2), is 
¢ (t for I=2 ¢,)=a ln 2, 
which is claimed in Hill as a general relation between rz and ky. But if 
derived from the present theory (eq. (3)), 





+ tte fer Ign? 1) =e te go ml (7) 
2myl,—mt, 27—1 
In case 71 as in normal frog’s motor nerve, z can be equal to « In 2, but 
not always so in other cases, because 7 depends upon m, D and «. 

Further, a general theoretical relation between ¢ and t, can be derived 
from eq. (6) and (7): 

ae 2 2 (8) 

T y—l' 2y-—1 


If applied to the normal frog’s motor nerve, employing the approximate 
value of 7 above estimated, we obtain 


t,. In300._ 

¢ In2 °”’ 

which agrees well with Sakamoto’s data!) in average, where t, was 1.03- 
1.24 msec and z 0.04—0.246 msec. 

6) Repetitive responses. Katz’s interpretation was criticized above. 
Tasaki!®) also treated the problem from his own theory. He assumed that, 
after the first response, the rheobase returns back from oo to a new steady 

1 
level B) following the equation #(t)=f,e*t, « being a constant; further 
1 
that the next response takes place after a time T where Aye *T =v (applied 





voltage). The equation obtained was i: (=F, frequency) =K« In~ He 


Bo 
dE, (t) 


predicts further that one of the necessary conditions for excitation, dt 


= (E,(t), the “ excitatory state”), will become unfulfilled sooner or later 





because of 4 being reduced. Thus, the rise of F with v, and the cessation 
of response after a certain time could be well explained. The gradual fall 
of F is comprehensive, too, if introduced the gradual rise of By. The 
difference is that repetition of excitation is considered in Tasaki, while 
repetition of impulse initiation in the present theory. Another point is that 
Tasaki’s equation as it is pionts to infinite rise of F with v, which is evidently 
unreasonable because there exists a certain absolutely refractory period. 


Just the first response, which he did not treat, is free from this, so that, if 


viewed from the present theory, the response time can be expressed prac- 
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ta ta 
tically by t. of eq. (3). In this case, we have I, (e* —1)=mi,e*, from 
1 
# 1 
which 2¢(=10) = - é (F=+). Putting eFS1 4+, excepting the 


4 ear—! 2 





range of small aF, we have 


1 yl 





10 oF (p+l)=1+eF, F= 5 at (Fig. 2, 1) (9) 
F 
1 
y 











Vy, 


Fig. 2. F— 72 —relation. F: Frequency. tp: Abs. ref. period. 


r 


I, II, III: See text. 





For the 2nd response, however, F should be determined by hte? 
otter 
where t, represents a new response time and tr the refractory period. The 
effect of tp is relatively little in the range of large t, (that is, small I,), but 
predominant in the range of small t, (that is, large Ij). Therefore, F 
will depend largely upon t, in weak I, and largely upon tp in strong Ij, 
so that the F-P-curve will run practically linear in some initial stage, 


r 


almost in coincidence with the curve I, but later bend downwards to attain 


F=- in the end (Fig. 2, II). The same thing can be said about the 3rd 
R 


and following responses, but every curve is expected to run somewhat below 
that of the preceding response (curve III), because a and also I, (see 
Part III) may increase gradually. This was found really the case in 
Sato!)-11), 

The above expectation agrees well with Hodgkin’s statements!® about 
the response of Carcinus axons (Class 1) that 1) “‘ response time rather than 
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refractory period is the primary factor in determining the frequency of 
repetition when the current is weak”, and 2) “ the refractory period be- 
came important when the current strength was large and the repetition 
frequency was high. Strong currents reduced the response time towards 
zero but the repetition interval never became less than 6.5 msec. a 
The significance of the length of the response time was interpreted in terms 
of the duration of the “ local response ”’, the electric sign associated with it, 
but it is a different matter. 

Hodgkin made many other interesting observations, of which some of 
particular importance will be quoted and discussed below: 1) In axons 
belonging to Class 1, which could respond over a wide range of frequencies 
(5-150/sec), “ the local subthreshold potentials were small compared to 
the propagated action potentials’, and further “‘ the response time was 
extremely long when the strength of current was weak.” The former 
points to small m, because ,in the present view’, the so-called subthreshold 
potential just necessary for evoking propagation represents the potential due 
to excitation of just L ; the smallness of the value can therefore mean small 
L, thatis,smallm. The latter, too, does the same, because it means practical- 
ly a very long t,, which means in turn that 7 (>1), accordingly m (>1), is 
very near unity (see eq. (6)). Such a small m makes t, and 4t small, by 
which the repetitive response will be maintained long, with frequencies 
declining with time owing to gradual rise of « or also of m, as will be stated 
in Part III. 2) Axons with pronounced supernormal phase (Class 2) gave 
trains of impulses of “ fairly high” frequencies, which “ might last for 
several seconds but which ended abruptly without giving frequencies lower 
than 50/sec.”” In view of the present theory, supernormality means small 
I, (=myi,), which can mean again smallm. Roughly, therefore, the repeti- 
tive response may be considered as taking place in a state of reduced m. 
This makes the high frequency and the long duration of the responses com- 
prehensive. However, the abrupt termination without passing the stage 
of lower frequencies cannot be explained by such a simple assumption. 
The matter must be much more complicated in actuality. 3) Axons 
diminish the ability to repeat if left in oil or sea-water for a long period 
(Class 3). Under these circumstances, “‘ the response time at rheobase is 
greatly reduced *», and “the rheobase itself had increased considerab- 
ly.” The latter facts indicate an enlargement of m, which, contrary to the 
case 1) above, makes the repetitive response difficult or impossible. 4) 
Subthreshold oscillations were observed in just subthreshold stimulations 
(Text—Fig. 6, I—J), which “‘ appeared to differ in several respects from the 
oscillations seen in decalcified nerves or in nerves stimulated with strong 
currents.” They seemed to occur “ over a very narrow range of currents ” 
and “ when the axon just fails to propagate.’ Such oscillations are of a 
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particular significance in view of the present theory, because currents 
lying between I, and 7, are to elicit repetitive local excitations of relatively 
low frequencies. 

Sato! developed recently a new mathematical treatment of the repeti- 
tive response, based on Tasaki’s!®) theory of excitation and on the idea of 
accommodation, and was led to the same equation as Katz’s®. Katz’s 
equation, however, represents just a special case of 1,-rise if viewed from 
the present theory as will be stated in Part III. One of Sato’s! observa- 
tions worthy of special note is that a node of Ranvier responds repetitively 
only rarely if stimulated directly, even when immersed in a 5% NaCl 
solution. It is not quite clear at present what this fact signifies, but it 
might be a clue for clarifying a part of the mechanism of the repetitive ini- 
tiation of impulse. 


SUMMARY 


1. Standing on a theoretical ground, excitation was distinguished 
from initiation of impulse. 

2. Regarding the initiation of impulse as due to simultaneous ex- 
citation of a certain length L in less than D (duration of excitation), a 
theoretical treatment was developed on various phenomena of excitation. 
Chief phenomena explained were, a) appearance of I, (rheobase for initia- 
tion of impulse) combined with a proper duration, t,, and b) repetitive 
responses without rise of threshold. 

3. Discussions were made on a) existence of L, b) strength-duration- 
relation in initiation of impulse, c) I,, 7, t- and r (chronaxie), and 4) 
repetitive responses. 
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In this Part, it will be shown that 1) the liminal gradient f, in stimula- 
tion with linearly rising current, 2) the linear relationship between the 
final current and the time constant in stimulation with exponentially in- 
creasing current, and 3) the optimum frequency in stimulation with alter- 
nating current, can be the case without rise of threshold, that is, inde- 
pendent of accommodation in the classical sense. 


I. Stimulation with Linearly Rising Current 


Employing nerve trunks as material, Lucas!) found 1) gradual rise 
of threshold with decrease of the gradient, and 2) a certain liminal gradient, 
B,, below which no impulse can be fired off. Recently, contradicting results 
were obtained by Sugi® in skeletal muscle and by Tasaki®), Frankenhauser* 
and Diecke® in single nodes of Ranvier, who all observed threshold con- 
stancy in a wide range of the gradient. The gradual rise in Lucas was 
ascribed to complications associated with nerve “ trunks” by Tasaki, and 
to distortion of the stimulating current due to polarization of the epineurium 
and others by Diecke. At any rate, it is note-worthy that the rise almost 
disappeared with appearance of modern methods of fibre isolation and 
electric insulation. Here, we pay attention to the constancy of threshold, 
leaving the rise observed near f,*)*) to be discussed in Part III. 


l. By 
Suppose I, (and I,) converted into a constant current at the level 


of I, (and 2), Referring to Fig. 1, 


4t=t_—ty=(te—t,) +e, e=tno—tny. 


Strictly, ty must be a function of the gradient, but I, and I, being very 
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Fig. 1. Stimulation with linearly rising current. Io, Ip: currents at x=0 
and x=L, respectively. i,, I,: rheobases for excitation and propagation, 
respectively. t,: moments at which I) and Iz, reach i, respectively. toy, : 
moments of excitation at x—0 and x=L, respectively. tn,,Ne: times (in- 
cluding latencies) required for excitation after t,. respectively. . 


little different, ty, and ty, may be regarded to be so, too, in normal con- 
ditions. So, neglecting e against (t,—t,), 

Mi, ty %, 

A=, —7 =; (m-1), 
bB Bp B 
iy, m: constant (assumed). 

The limiting condition for propagation* (see the note in “ References and 
Notes ’’) is 4t=D, hence 
— D 7D m 





If we denote the standard values of 7, i,, I,, m, D and B, by 7, ty-0., L:-0, Mo; 
D, and f,. respectively, then 





pega "se t) “ee. Ma (2) 

0 Goo Mo 

In the case of nodal membrane, we may take Dy=1 msec. (D of a whole 
node may be prolonged in stimulation with small gradients as suggested by 
the delayed peak observed by Diecke®. But this is different from D at 
x=0, because a whole node can be put into action in various lengths of 
time according to £, if viewed from the present theory.) Further, we may 
represent I, by the voltage effective at the edge of a nodal membrane 
where I, flows in rheobasic stimulation. This is about 30/3 mV because 
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the rheobase in node-to-node stimulation is about 30mV! and the 
nodal membrane resistance is about equal to the internodal axonal. The 
only unknown quantity m) may be roughly estimated in the following way : 
First assume L5l (see Part I, sg ] 1 legend), and f=10®”), Now, / 


(x for y=0)+0.1 k’, hence 750. 1E 0. 1 ft » Ymm being the rest- 
ing and active membrane resistances of unit length of fibre. According 


to Tasaki and Freygang®, 7m ‘im hence p< accordingly myp=eLk< 


10’ k 

e°%-1.03. This figure is very close to that of a squid giant axon where 
Moe! '5=1,02 (Part I, Fig. 1, legend). So, taking m=1.02 and 751, 
10 x 0.02 

1.02 

Bro0.2 x 350.6mV/msec. in the voltage applied, which is in fair agree- 
ment iil goers observation®) where f, was 0.1-1.0 mV/msec. with 
respect to the applied voltage. 

Eq. (5) in Part I and eq. (1) in this Part show respectively that a small 
change of m brings about a small change of I, and an enormous change 
of £,. This provides a probable reason for the larger values of I, and £, 
reported by Diecke® (I,+40 mV (Abb. 7 and 13); £,=0.8-6 V/sec), as 
compared with those of Tasaki, where I, was mostly a little over 30 mV’, 
and f,; was 0.1-1.0 mV/msec. as stated above. For, if m is 1.2 instead of 
1.02, then I, should be larger by about 20%, while 8, by about 10-times. 
This is satisfactory for explaining the discrepancy between Tasaki and 
Diecke. Why m was so large in Diecke’s preparations is not clear, but the 
matter might be comparable with that of Carcinus axons left in oil or sea- 
water for a long period (see Hodgkin’s work quoted and discussed in Part 
I, Discussion). 


we have /:.=————— 50.2 mV/msec. at the stimulated membrane, or 


2. Repetitive Responses 


Repetitive responses to linearly rising current have been investigated 
by several authors, for example by Skoglund’ and Granit and Skoglund?®? 
in recent years. A theoretically very important one is that of Hoffmann!® 
that nerve continues to respond repetitively as long as a current with a 
superthreshold gradient continues to increase. An explanation was given 
by Katz?*) on the basis of Hill’s accommodation, but thereby the effect of 
each responses upon the local processes were disregarded. An explanation 
from the present theory is as follows: Denote the moment at which I, 
reaches i, by tp (Fig. 2), the interval between t) and the first response at 
x=0 by t,, and the interval between t, and the second response by t,, and 


so on. 
The stimulating current for the n-th response supposed to occur is 
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Fig. 2. Repetitive responses to linearly rising current. Abscissa: No. 
of responses supposed to occur. About details, see text. 


expressed by Ipn=f (tp+t,+-—-—-—+tn-,)+/At 
=1,+ BTn.; -+ Bt, Ries =t+- agian —+ty.. 

The constant component (7,4 8T,.,) becomes more and more while the 
linearly rising part At less and less prominent with time. If we disregard 
the latter for simplicity, then the whole picture turns into that of a special 
case of constant current stimulation, where the current intensity is made to 
jump stepwise after each response. 

The same thing can be said about the point x=L, the only difference 


being that the current is 20 Then, the n-th 4t for the n-th response, sup- 


posed, in the case of 8=/,, can be obtained from eq. (4) (Part I) by put- 
ting Ip=7,+8,T,.,: 








tp>+BrIn.,—ty BrTn-4 
n— ° ~ — 4 | eS ee eee 
wi alta To. SO tanta i, a omy FA 
l l , 
=aln (m= rT cae (eq. (1) introduced) (3) 
BrT n-1 Tas 


Tn gets larger with increase of n; as a consequence, Jt, gets smaller, by 
which the condition for propagation 4t<D is maintained on without fail. 
Eventually, 4t may rise temporarily as the result of «-rise, but this effect 
can be suppressed by raising £ properly. We see after all that nerves will 
persist to respond repetitively if £ is chosen larger than f, in proper magni- 
tude. As to possibilities of i,- and m-rises, see Part III. 
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3. Consideration 


1) Physiological meaning of f,. In Hill’s theory of accommoda- 
tion’), the threshold is predicted to attain oo at f,, after gradual rise. In 
actuality, however, it was found finite, that is, 1.2-1.3 times normal*), 
Another serious fact is that a slight reduction of the gradient makes the 
current totally ineffective, that is, that the threshold becomes “‘ co” sud- 
denly, which is not easy to understand. 

Diecke® interpreted f, as ‘‘ die Zeitkonstante fiir die Inaktivierung 
der Na‘-Permeabilitat und Aktivierung der K*-Permeabilitat der Mem- 
bran durch unterschwellige Vordepolarisation ’*, and emphasized that “ die 
Akkommodation (im Sinne Hill’s) ein Artefakt am Nervenstamm ist.” 
Yet, the inefficacy of gradients smaller than £, was explained, as in Hill, in 
terms of threshold, which, he found, continued to rise up almost exponen- 
tially, to escape from the stimulating current. Tasaki)!°).!© regarded 
8, as the threshold gradient necessary for “excitation ” in stimulation with 
slowly rising current in general. In the present theory, however, /,, being 
conditioned by 4t<D, appears as a requisite for “initiation of impulse ”’, 
not for excitation, and the inefficacy of smaller gradients, being condi- 
tioned by 4t>D, has nothing to do with the threshold. 

2) £;/I, and I,/f,. These quantities were adopted by Lucas!) and 
Fabre!”) to characterize the excitability. They correspond respectively to 
i and ata 
7Dm m—| 





in the present theory (see eq. (1)). Hill’s constant 2, 


which is nothing but =, is therefore a function of m, too, as I, is so. 
r 


3) fr and temperature. In low temperature, I, is said to change 
very little, while 8, gets very small® : a fact well comprehensive as due, in 
part, to prolongation of D (see eq. (1)). As to a possibility of fall of m, 
see Part III. 


II. Stimulation with Exponentially Increasing Current 


1. Linear relationship between final current and time 
constant 


An exponentially increasing current is expressed by 


t 


I=Ie (l—e *) 
I4,: final current, 
7: time constant. 
Recent investigations in this field have revealed that impulse is released at 
an almost constant level of potential?).>), irrespective of the rate of increase 
of the current. Let us examine the problem from the present theory, 











168 K. Yamagiwa 


assuming 7, and m constant. 
Referring to Fig. 3, we have 
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Fig. 3. Stimulation with exponentially increasing current. Notations 
mean the same as in Fig, 1. 


At=ty—to=(te—t,) + (tre—tny) 
Neglecting the term (tne—ty,) for the same reason as before, we have for 
bh 
the limiting case, 4t=t.—t,=D. Evaluating t, and t, from Ie (l—e ")= 
te 


, I Tia <8 : 
7, and | (l—e *)=2, respectively, we have 











Too Too Too—t, _ 
pany ee ae eee (4) 
which gives 
D 
Ico me’ —1 m—|1 
oe ee 
te —] e7—1 
2 6) 
Introducing 1/(e’ —1)sh and eq. (5) (Part I), we have 
Io 1 m—1 
aera (5) 


Too 
t 
lished acquisition in this field’*-*"), In a standard case, m=1.02, D=1 
msec and 71, so the slope is about 0.02 (7 in msec), but it will change 
sensitively with change of m, just as £, does. 


which shows a linear relationship between and 7, the most firmly estab- 
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2. Consideration 


1) The linearity. This can be derived from Hill’s theory, too. The 
differences are: a) a slight downward concavity in Hill, while a slight up- 
ward concavity in the present theory, in the range of very small 7, and b) 





the slope is expressed by fe in Hill, while by ne in the present theory. 
7 


2) ‘* Climalyse ” of Lapicque*”’. If we put Ico=I, in eq. (5) for 
the case of y=0, then we have 


I, l 
~ (=1)=-, 7>|, 

I, ” 

which is evidently unreasonable. However, eq. (5) was derived from the 
condition 4t=t,—t,=D, therefore, it does not involve the case of ;=0 


where tp—t,=0. We should equate 


Li. ¥ 1 
‘oom mee » 


which gives T= Pry N) 


(y7—1)/(m—1) is of the order of 10! normally, so ve... that is, 7 is of the 


10’ 
order of 10-! msec, in normal frog’s nerve. This 7, representing the upper 
limit of available time constant for starting an impulse when I, is made to 
grow exponentially, is nothing but the “soeul de climalyse”” termed by 
Lapicque for the phenomenon already established by Gildemeister®®. If 
I, is the rheobase for excitation, it is extremely difficult to understand that 
it can be converted into an exponentially rising one without losing its 
effectiveness. But we see now that it has a reason in view of the present 
theory. 


III. Stimulation with Alternating Current 


1. Intensity minimum or frequency optimum 
The currents at x=0 and x=L are expressed respectively by I, sin 


I, .. ; ‘ 
2nzt and ~*sin 2nzt, I, being the amplitude at x=0, n frequency/sec and 


, , ; , : 
t time in sec. From JI, sin 2nz t,=i, and i sin 2nz te=i,, we have as the 


condition for propagation in the limiting case, 


4t=t,—t;= me (aresin’"—aresin?) = D 
or next ofentie moda ) 
~ 22D I, I, 
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ee ee be — ee 
2nD ay L, Wine Vi—(m) <° (6) 
l 3 — a , . 
and Mp 5-H ee oe ae (5 —arcsin- ), (7) 


Np, the value of n for Ip>=1,=mmi, 
The n-I,-relation is therefore represented schematically by the curve I in 
Fig. 4, which is in qualitative agreement with Hill’s' and Tasaki’s® 
theories and Hill-Katz-Solandt’s**’) and Sato’s®) observations. 


To 











r ; i 
1 ' 
l l I 

~~ ny 1/2ty 


Fig. 4. n—I,—relation in stimulation with alternating current. Ex- 


planation in text. 


Now, there is another important condition which must be fulfilled in 
this case, that is ABZty (Fig. 5), where ty is the time during which the 
current has to remain above the level of 7, for eliciting an excitation. Con- 
sidering the limiting case AB=ty, 





l l l . Mr 
= ——T» =? —_ — ——-¢ o- —)j=— 
AB 27 te) — angaresin I, tn 
Hence, n =~ G —<aresin) 

<—s for I,=«, 

> 7 ; 7 

ors —arcsin—) for I5=1,=myi, (ng in Fig. 4), 
r 4 7 ] 

nd A = 5>0 (tn const., assumed). (8) 
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Fig. 5. Mt and ty in stimulation with alternating current. 
Explanation in text. 


In actuality, ty will get smaller in stronger Ip, and, correspondingly, both 
a and n will be larger than when ty is constant. Further, it appears 
0 

almost certain that the absolute value of dn/dI, is larger in eq. (8) than in 
eq. (6), because ty is comparable with or even smaller than 2D in large 
I,. So, the n-I)-relation conditioned by AB=ty may be roughly illustrated 
by a curve like Fig. 4, II, which agrees qualitatively with Hill'®), Hill- 
Katz-Solandt* and Tasaki-Sato”®). 

It is evident now that the curves I and II combined produce an I,- 
minimum or n-optimum’®)*® in the neighbourhood of n, and a little 
above the level of Ir. The n-optimum actually observed is said to be about 
100, while n, evaluated from eq. (7) under D1 msec is about 30, 70 and 
100 for m=1.02, 1.1 and 1.2 respectively, that is, not much far from the 
observed value. 


2. High thresholds in low and high frequencies 


As clarified above, the Ip-n-relation is governed by the condition 4ts=D 
in low frequencies and by AB2ty in high frequencies respectively, except 
in a narrow range of intermediate frequencies where it is governed by 
both. This is easily comprehensive if we consider that, in low frequencies, 
both 4t and AB get lengthened, so that the condition for excitation is 
fulfilled but that of initiation of impulse not. The situation is just the 
opposite in high frequencies, that is, Jt and AB both shortened. For 
initiation of impulse, therefore, 4t must be reduced and AB lengthened in 
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low and high frequencies respectively, which both can be realized by in- 
tensifying I,. We see thus that the high threshold in the one region has 
a meaning essentially different from that in the other region. 


DiscussiIon 
1) Identity of £, and Ix-7-line. These two lines are identical in 
Hill, both slopes being expressed by 2. It is the same in the present 


theory, too, except that the slope is expressed by felmm— 1) ( 
(1) and (5)). ' 

2) fr and Ie-7-line in relation to accommodation. These two lines 
are intimately related with accommodation in Hill’s theory, while in- 
dependent of threshold in the present argument. Of course we cannot 
deny the rise of i, in slowly rising current without confirming it on the local 
excitation itself. But at all events, it is important that the lines could be 
shown to appear without threshold rise. As to further analysis, see Part 
Ill. 

3) Mode of action of slowly rising currents as stilmuli for initiation 
of impulse. 1) As compared with constant current. In constant current 


compare eq. 


stimulation, currents of different intensities (I, and 7 are applied simul- 


taneously to points x=0 and x=L. Whether an impulse is fired off or not 
depends upon 4tSD, 4t being about the difference of the two utilization 
times. In stimulation with slowly rising currents, currents of one and the 
same intensity (i,) are applied to the two points at two different moments 
(ty2). Whether an impulse is started or not, depends mainly upon Jt= 
tp—tsSD. This is only a hypothesis, but it is interesting that the present 
treatment based on this consideration led us to good understanding of 
experimental facts. 2) The threshold gradient. In stimulation with 
linearly rising current, £, appears as the threshold gradient. It is the same 
in stimulation with exponentially increasing current: Taking eq. (5) into 
account, we can express the stimulating current I, at x=0 generally by 


t t 


arr m—| of? 
I,=In (l—e ag a vy) (l-e “ 7>0 
. dIx_d/I,,_ ,m—1 1. : 
mune, dt =at' pratt mD ny 
At the moment when I, attains 7,, 
t 
TF toatl), 8) na 
git Sat hig ob! mD ! ~ mD r+ mD ' 
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Hence, 
di .m—1 Br 
(CSO, <=" mb ~m 
- oe) = f:=const, 


This conclusion is slightly different from Tasaki’s claim, (Se), 
C 


f;.16), The difference appears clearest when I, is chosenasIe. This case 
is taken in Tasaki, as in others, identical with that of ;=0, that is, I,=I,= 
constant, while as one of a small 7 corresponding to Lapicque’s soeul de 
climalyse in the present theory. As a consequence, Tasaki’s claim fails in 
this case, but the present one not. Anather difference is that the threshold 
gradient was related to excitation in Tasaki, while to initiation of impulse 
in the present theory. Rudolph’s recent observation?” that a nerve fibre 
fails to conduct when the rising phase of the action potential is not steep 
enough, is very interesting in this connexion, although not clear whether 
the failure was of excitation or of new initiation of impulse. 


o=A4r 


SUMMARY 


1. It was shown that the following four facts can be the case without 
accommodation : 

a) Appearance of a liminal gradient f; in stimulation with linearly 
rising current. 

b) Linear relationship between final current and time constant in 
stimulation with exponentially increasing current. 

c) Repetitive responses to linearly rising current. 

d) Intensity minimum or frequency optimum in stimulation with 
alternating current. 

2. Lapicque’s “ soeul de climalyse ”’ was explained. 

3. Discussions were made on: a) identity of f; and I.-7-line, 
b) independence of £; and Ico-7-line from accommodation, c) meaning of 
f;, and d) modes of action of slowly rising currents as stimuli for initiation 
of impulse. 


+ b 
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according to my estimation®),®*), a certain L (0.05-0.5 4) probably exists in each node. 


fore, “evoking a full-sized spike in a node ”’ is equivalent to “exciting L”’, that is, to “starting an 
impulse.’ 


A fractional excitation of a node will be possible and probable in usual methods of 


stimulation, because the current intensity cannot be uniform strictly. 





in experiments on single nodes. 
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As stated in Parts I and II, distinction of excitation from initiation of 
impulse is very useful for understanding several phenomena of excitation, 
particularly some phenomena of “ accommodation ”’, without introducing 
the very concept. This does never mean, however, that accommodation 
does not occur. As a matter of fact, some rise of I, has been the case 
near!)-3) £,, The point is whether the observed rise of I, was due to rise 


of i, or of m, because Ir=myi, and y=14%— - (eq. (5), PartI). We 
e*—1 


will examine the matter in various cases, below. 





I. Normal f, and *.7-line 


1. In relation to 7,-rise, supposed 


1) Onf,. Ifi, really rises near f;, then it will be reasonable to sup- 
pose that it will do so in larger f, too, even if little in magnitude. Let us 
consider therefore i, (8), the rheobase as a function of £, and put 

ir(B) =tef (B), 
i,: the value of i,(8) for Boo (rectangular pulse), 
J(8): a function of 8, which is practically unity in large 8, then grows gradual- 
ly with decrease of 8. 


Now, the gradient is 8 at x=0 and f at x=L, hence i; (f) should 
be i,f/(f) and i, f(E) respectively. However, m is very near unity in 
m 
normal conditions, so we may disregard this difference and consider just 
the difference due to variation of f itself. 
Assuming m, D and 7 constant, and neglecting e (see Part I) as 
before, we have for the limiting case 


p mirf (Br) _irf (Br) _*rf (Br) (m—1)=D 
Br 





4t=t.—t; 


Br Br 
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Hence, j= "/(m—1) _ MI £9.) eq. (1) (Part I) x f(%) (1) 
/ 


In other words, £, gets f (f,)-times larger than when the rhobase is invaria- 
ble. 

Now, eq. (1) has a meaning only when f (f;) is finite. Actually, I, 
at £, was found finite (1.2—1.3 times normal) as stated in Part II. This 
means that f(f,)=1.2—1.3, accordingly, that B, expressed by eq. (1) 
can be about as large as the standard value (see eq. (2), Part II). 
However, the finiteness of I, at £,, as a fact as well as a theoretical claim, 
contradicts strongly to the classical idea, which predicts co. Another 
serious point that a slight reduction of 8 makes the current suddenly in- 
effective, was described in Part II. A discontinuous change of the rheobase, 
from 1.2—1.3 normal to co, might not be impossible, but more probably 
there is something else still undiscovered there. This is nothing but the 
condition 4t<D, if viewed from the present theory. 


2) On *-y-line, We take here the rheobase as a function of the 


rate of increase of the current. The rate is determined by Ico and 7, and 


, R . eS I 
also by time. For convenience, we will take the initial slope 6 (=—~) 
7 


and put i, (d)=7, F(d), 
i,: the value of i,(6) for 6=co (rectangular pulse), 
I : , ‘ 
F(8)=F(- = : a function similar to f (8). 
T 


For the points x=0 and x=L, we should put, strictly, 
ea | 
Ioo(1—e ’ )=1, F(d), 
I ~ } 
and = —~(l—e 7) =i, F(--). 
m m 


But if taken F (9)F(*) as in the case of linearly rising current, then 
m 


on ne! 
cre Se 


In the limiting case 





t;=7 In 


Ini, F(0) _p 


4t=t,.—t,;=7 n——————+~ = 
a" Teo—mi; F (8) 


The solution is 
_D 
Ino, lxoym ne os = m—1 
—(=— =—) =F (8) —5 =F (6) (m+ D ) 
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“ l ais 
=F (d){m+(m—1)4} oe 
s (2 D a 
Too _ F (8) m—ly , 
: 2 aad m D) (2) 


By assumption, F(é) is a function which, growing from unity, gets 
larger with decrease of 6. We cannot foretell precisely how 6 will change 
with 7, because we do not know how Ie will change with 7, this being 
the very thing which we wish to clarify. But it is certain that d starts 
with a very large value, and, decreasing with increase of y, reaches a 
certain value, d;, which corresponds to f;. ir(é) will then be 7,F(d,). If 
taken F(d,)=/(8,)=1.2—1.3, then eq. (2) may be said to be practically 
linear, although never so strictly except in the range of large d where F(é)51. 


2. In relation to m-rise, supposed 


A slowly rising cathodic current will probably loosen the membrane 
and thus diminish the resistance r,, (see Suzuki*)). This makes k smaller, 
which makes L larger in turn (see Fig. 1, Part I). A further enlargement 
of L is expected from reduction of f due to diminution of V amounting to 
50% of the normal at £,!’.. There are also factors which act to diminish 
L, namely,!) enlargement of f by decrease of r,,5), and 2) some possible 
decrease of k’, although presumably very little. Even if L remains un- 
changed after all these changes, still m can augment as the result of k-de- 
crease alone. The rise of m séems thus highly probable. 

1) On, Assume ?,, D, a and practically also 7 constant, and further 

m(B) =mf (A), 


m: the value of m(8) for =e (rectangular pulse), 
f(8): the same function as before. 


4 


3 
From I,=/t;=i; and IL=—+~t.=i,, and under neglect of ¢ as 
0 B 1 r mf (/3) 2 rT $ = 


before, we have for the limiting case 
At=t.—t=F {mf (6) —I}=D ; 
Vr 


_iron f(a) — 1a mL B=! 
p= isms (9) — I} LE 





or 


_ 1: m—1 mf (Br)—1 _ mf) —1 
ahit at (1) (Part II) x i (3) 


In a standard case, eq. (1) (Part II) turns into eq. (2) (Part II), which 
gives fr.o=0.6 mV/msec. Hence, if taken f(fr)=1.2—1.3 in eq. (3) 
above, then /,3:0.6 x (11—16)=7—10mV/msec, which is larger than the 
largest value obtained by Diecke!’. This suggests that rise of m in linearly 
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rising current is improbable, as long as f(fr) is so large as 1.2—1.3. 
2) On *.-line. Suppose that m(éd)=mF(é), and 7, D and 7 con- 


stant. 

ae i= _ts h 
From Ie(l—e *)=i, and —~(l—e *)=2z, we have 
oo( ) r mF (3) | ) rs 


Too Too 
=7 In——-~ a 2=7 la—— Sr} 
nr la oe es 
Too —tr ae, 
4t=; In ic_iare 
D 
eee mo (a) +™ -o— 
e’ —1 e’—!] 
, ‘ as, | 
Introducing 7 mi,=I, and > =p: 
e’ —1 
Too _ F (0) (1 somtid, (4) 
. , m i 


Eq. (4), like (2), can be linear in the range of F (6)1 only. The final 
slope is larger than that of eq. (2), so the linearity is the worse as a whole. 


yo, 
No 


3. Consideration 


Two important conclusions are drawn from the above examinations : 

1) A rise of I,, whether due to rise of i, or m, not only contradicts to 
the appearance of £, of a reasonable value, but also disturbs the linearity 
of Ico-7-curve, except when the rise is very small. At least, it never fav- 
ours the appearance of these lines, as was foreseen already in Part I. 

2) The rise of I, near £, appears to be due to rise of 1,, not of m. 
This is, however, because f (f,) is so large as 1.2—1.3. Ifit is smaller, then 
the matter turns out quite different. The possibility will be stated in 
Discussion below, but before that we will examine the matter in some other 
cases. 


II. I, and #, in Electrotonus 


It is known that I, and £, both rise in long-lasting C.E.T. (Tasaki®). 
A remarkable thing thereby is that the rise of I, is just little while that of 
B, enormous. In Tasaki’s observation above quoted, “ the rheobase was 


not appreciably changed ” but f, changed from a to igmsecs, that is, 


to about 3.5-times as large. 
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If wanted to understand this unproportionality from Hill’s theory, 
we have to consider two events, a small rise of the rheobase and a large 
reduction of 2, taking place simultaneously. But if viewed from the pre- 
sent theory, it is comprehensive as a simple result of m-rise only : 

Eq. (5) (Part I) : I-=myi, 


Eq. (1) (Part III) : p= —") F(6,) (7, varying with £) 


Eq. (3) (Part III): B.=s(mf (Br) — 1} (m varying with £). 


If C.E.T. raises 7,, then both I, and £, should rise in the same pro- 
portion, but if it raises m, then I; rises just proportionally as before, while 
f; very much more. Quantitatively, eq. (1) (Part III) is satisfactory, be- 
cause a rise of m by just 5% (from 1.02 to 1.07) suffices to explain Tasaki’s 
result. Eq. (3) (Part III) is not available, again because f(fr) is so large 
as 1.2—1.3. 

If the above consideration is correct, then in A.E.T. a little decrease 
of m (from 1.02 to 1.00 at most), accordingly of I,, and a relatively large 
diminution of £, are expected. In actuality, 8; decreased to oa msec-, 
but I, increased from 25 to 100 mV in Tasaki’s experiment above quoted. 
The reason of this discrepancy is not clear, but one might be that in Tasaki 
the stimulus was expressed in voltage, which could have acted only through 
the membrane resistance, which must have been increased in A.E.T. 


III. I, and f; in Low Temperature 


As quoted in Part II, I, changes very little but £, gets very small in 
low temperature (Tasaki’’). We have here another example of unpro- 
portional change of I, and £;. It must be due partly to prolongation of D 
as stated before, but very probably also to diminution of m, which, if oc- 
curred in a standard case, cannot be large only from 1.02 to 1.0 at most), 
but still can bring forth an enormous decrease of /;. 


IV. I, and £, in Relation to Na*-concentration 


It may not be appropriate to discuss the complicated effects of ions 
upon excitability, on the same line with that of electric current. Here just 
one example which is very interesting in connextion with the present 
theory, will be quoted. 

According to Diecke!’, both I, and £, decrease with increase of Nav- 
concentration of the bathing fluid. Here again, the decrease of fr is much 
more marked than that of I; (Abb. 11). For example, at [Na‘]=444 mM /, 
Br was already so small as 44%, while Ir remained at about 80°), of the 
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normal (see Tab. | and Abb. 11). This unproportional change of I, and 
fr seems to point to m-change taking place in this case, too. In Diecke’s 
preparations, the value of m is seemingly near about 1.2 as stated in Part II. 
If m ran down to 1.1 in the above example, I, must have decreased by 
about 10%, while f, by just 50° (eq. (1), Part II), which is about in 
accordance with the actual observation. Why m decreases in higher Na:- 
concentrations, is not clear, but decrease of L due to increase of V, accord- 
ingly of f, the safety factor, must be a powerful agent. 


V. Repetitive Responses 


1. To constant current 


The limiting condition for initiation of impulse is 


Eq. (4) (Part I): Minti: POR aly 


I,—m1, 
In Part I, the characteristics of the repetitive responses were interpreted as 
due to gradual rise of « with time. However, I) being long-lasting, there 
are two other possibilities, namely, rise of i, and m. If they increase, they 
exert just similar effects as «-increase upon t, and Jt, so that the known 
features of repetitive responses can be explained similarly. Here, just some 
consideration will be carried out on the time-length, during which the 
response is repeated. 

1) Rise of i, with time and I,, supposed, under m, D, « constant. 
Replacing 7, with i,(Ip, t) in eq. (4) (Part I), we have 


D 
I,—ir(Io, t) =e “ (I, —m ir(Ip, t)), 
D 
from which i,(I,, )=ho = (sce eq. (5), Part I) Thisis the rela- 
B 7 
me” —| 


tion between j, (raised) and I, (applied) when the response is just stopping. 

Put now i, (Ip, t)=7,f (Ip, t), where 7, is the value of ir (Ip, t) at t=o 
and f(I,, t) a function growing from unity, and introduce it into the above 
equation. Then 


f (Io, t) =z = (5) 
2) Rise of m with time and I,, supposed, under other variables un- 
changed 
Replacing m in eq. (4) (Part I) with m (Ip, t), we have 
D D 
m(Ip, t) 7 e* =I,pe “ —I, +i, 
. — — s&s 4 _D 
m(I,, t)== (l—e *)+e * =-*my(1—e “)+e “* 
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Putting m(Ip, t)=mf(Io, t), m being the value of m(Ip, t) at t=0, 
D D 

f (lo t= 1—e “) 40° (6) 

I, * m 
The values of t which satisfy eq. (5) or (6) respectively determine the 
“total adaptation time, T” in Granit and Skoglund’s terminology®?, 
Presumably, eq. (6) will fit the observations better, because the case under 
examination is a special case of C.E.T., where the rise of m seems certain, 
as stated before. Unfortunately, the form of f(Ip, t) is unknown, so we 
cannot formulate T as a function of Ip, but it is interesting to make a simple 
assumption that f(Io, t) = /(t), that is, that 7, or m is a function of t only, and 

t 

to consider two special cases, 1) f(t)=e", p constant, and 2) f(t)=In(e 


b.. we ! , ? 
a ane in large re The former, combined with eq. (5), leads to t= 
1 
I, 
Katz®’ on the basis of Hill’s theory. Katz’s equation represents therefore 


pin If p is replaced by 4, then we have just the equation derived by 


t 
a special case where /(t)=e% is introduced, which, in view of the present 
theory, has no proper reason, It is not strange that it does not fit the ob- 
servations well®), On the other hand, the latter combined with eq. (6) 
leads to 


D D 
In t=2"y(1 we ne * + Inq=c 10 cs 
I-/ m » ir 
_D _D 
(=y(1-e *); ¢=—e *+In q), 


m 


; , : I D ' 
a linear relationship between In t and ~ as long as — remains unchanged. 
r a 
This supports Granit and Skoglund® who demonstrated a practical linearity 


of the InT->°-curve, and suggests, conversely, a logarithmic rise of m with 
r 


t strongly. 


2. To linearly rising current 


Eq. (3) (Part II) was derived from eq. (4) (Part I), regarding 7, and 
m constant. Here we assume them to be a function of £ and T. 
1) ir(6, T)=7f(8)F(T), supposed 
i,: the value of i, (8, T) at B=eo and T—0, 
JS (B): the same function as before, 


F(T): a function of T growing from unity ; the end of ty taken as origin of 
T (Fig. 2, Part I) 
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Assume m=constant, and consider the case of B=f,. Then, in the 
same way as in Part II, 


; int tbr En-1 - irf(Br)F(Tn)_ 
P iy+B,Tn_,—i,mf (8y)F(Tp) 
1 _i,f (Br)F(Tn) 
=a wee ies (i, neglected against i,f(8,)F(Ty)) 
BrTp-1 
_D_F(Tn) 
_m—1 Tp, 
=e ln mD F(T) 


(eq. (1), Part III, introduced) 


m=) Tus 
1—pM— (ta) 


n 


. —_ I . 
NT en ad 
2) m(f, T)=mf(f,)F(T), supposed 
iy +BrTp-1—iy 


Tp-1=Tp, assumed) 














At, =« In- —7 ——— 
cee i+ BrTn-1— inf Br)E(T a) 
BrTp-1 . . . 
=eln—— — — (i, neglected against i,m f (B;)F(Ty)) 
ByTp-1—i,mf (Br) F (Tp) cilities : em f (Br)F(Tn 
1 
=aln —- (eq. (3), Part III, introduced, and 
mf (By) F(Tp) : ; 
1—D—-————_. —> Tn-1==Tp, assumed) 
mf(Br)—1 Ty no “é 
: l ;___™f(Br) 
+=aln ————_—— (N=-— 
on _pnF a) “mf G,)=P 
lp 





The quantity a) 


gets larger with T, then dt doing so too, the repetitive response will cease 
after a certain while. But if it decreases sufficiently rapidly or if, in addi- 
tion, a larger £ is chosen, then the response will continue on without cessa- 
tion. The practical necessary condition for this is that the rate of rise of i, 
or m gets smaller with time. The logarithmic nature of m-rise suggested 
above, will probably satisfy this condition, to establish Hoffmann’s observa- 
tion’, provided that a-rise is relatively little. 


represents the mean rate of i,- or m-rise. If this 


Discussion 


1. £, and I-y-line, and their probable independence of I,-rise. 

In Part II, it was shown that /; and Ico-y-line can be the case without 
threshold rise ; in Part III that threshold-rise, if it occurs, disturbs the ap- 
pearance of £, of a reasonable value, and of the linear relationship between 
Ino and 7. These results, together with the fact that I, is certainly finite 
at f, in contradiction to the theory of accommodation, point to independence 
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of the threshold from f, and I«-;-line. 

2. I,-variation and its probable dependence on m-rise. 

It is sure that I, varies according to conditions. But as far as examined 
above, it seems to be m that changes in electrotonus, temperature varied, in 
varied Na‘-concentration of the bathing fluid, and also in repetitive res- 
ponses to constant and linearly rising currents. The only exception en- 
countered is the I,-rise observed near £,, where the rise of i, appeared res- 
ponsible. One possibility might be that 7, changes in short-lasting while 
m changes in long-lasting exposure to new conditions. There are, however, 
also reasons to believe that the actual rise of I, near B, might have been 
much smaller than observed: 1) the time of ascent (up to the I,-level) is 
only several ten msec in most cases, which seems to be too short to exhibit 
any appreciable depressive action, 2) in Sugi’s experiment" with linearly 
rising current, the range of constant threshold was so wide that even 
could hardly be confirmed, and 3) in stimulation with exponentially in- 
creasing current, the excitation always took place at an almost constant 
level of potential’*), All these facts point to threshold constancy in 
stimulation with slowly rising currents. I dare suppose: was the I,-rise 
near f, not an artifact, at least in part, due to polarization still remaining 
on isolated fibres? Was the actual rise not much smaller and this small 
rise not due to rise of m? ‘This might be a wilful supposition, but if it is 
correct, and if we can put /(f,)1, then eq. (1) and (3) in Part III are 
both reduced to eq. (1) or (2) in Part II which provide a reasonable value 
of £,; and eq. (2) and (4) in Part III to eq. (5) in Part II, which expresses 





= , I , P 
a strict linearity of Tp rcurve. A unific explanation can thus be presented 
r 
by rise of m. Further, the rise of m, thus supposed, needs be just small. If 


Too 
: 
time for constant current too short, and the ever-lasting repetitive responses 
to linearly rising current with B>f; impossible. It is quite interesting in 
this connexion that just a 5°% increase of m was found enough for explaining 
the facts in C.E.T., as stated above. 


it is large, it makes f, too large, —-y-curve not linear, the total adaptation 


b] 


3. ‘* Accommodation ”’ in terms of I,- or m-rise 


> 


‘“* Accommodation ”’ is certain as long as a rise of I; is meant by it. 
In view of the present theory, however, I, is different from 7,, and the rise 
of I, is highly probably due to rise of m. The so-called accommodation 
becomes then a matter of initiation of impulse having nothing to do with 
iy, the rheobase for excitation. I dare propose therefore to define accom- 
modation practically by rise in I,, or theoretically by rise in m, and to call 
m the “‘ constant of propagation ”’ for convenience. 
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The point is whether the distinction of excitation from initiation of 
impulse is correct or not. However, the identification of these two has 
no basis, either. If the distinction has any reason, and the accommodation 
is really a matter concerning initiation of impulse, then all the explanations 
for the mechanism of accommodation on the basis of i,-rise, including the 
modern one of Hodgkin'*’, though to be questioned or reconsidered. 


SUMMARY AND CONCLUSIONS 
; ‘ ‘ ‘ I 
1. £, of the observed value and the linear relationship between T 
f 
and 7 cannot be expected from the present theory, unless the rise of Ir is 
very small. 
Teo 


2. #r and TL 


3. Variation of m supposed to occur to a small extent, was shown to 
be very useful for explaining various experimental facts. The rise of I, 
near f; was supposed to be due partly to artifact, and partly to rise of m. 

4. It was proposed to define accommodation by rise in I, or m, and 
to call m the constant of propagation. 

5. Discussions were made on 1) probable independence of f, and 


y-line are very probably independent of I,-rise. 


‘©. -line from I,-rise, 2) probable dependence of Ir on m, and 3) accom- 


r 
modation. 

6. General conclusions from Part I, II and III. 

1) Distinction between excitation and initiation of impulse is very 
useful for explaining experienced facts. 

2) The rise of m, not of i,, to a small extent seems to be a general 
basic event that happens in normal nerves in various conditions. 

3) Of the well-known three factors of stimulating currents, a) in- 
tensity (>i,), b) duration (>utilization time) and c) slope (>fr), the third 
one appears to be an additional requisite for initiation of impulse. 


I express my sincere thanks to Dr. K. Konishi and Mr. S. Tsukui for their 
kindest help in preparing the manuscripts. 
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INTRODUCTION 


counted for in terms of cone- and rod-thresholds. 
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of a special type, that is, ‘ B cones’ 
part of the curve. : 


vision. 


EXPERIMENTAL 


Method 
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Retinal Processes in Total Color Blindness 


In many cases of total color blindness'’-*) the course of dark adaptation 
was shown to consist of two parts in a manner very similar to the normal 
dark-adaptation curve. As the earlier and the later parts of the normal 
curve are usually interpreted as representing cone-thresholds and rod- 
thresholds respectively, the question has arisen as to whether or not the 
two portions of the curve obtained from a total color-blind might be ac- 


Based upon the day-rod theory propounded by von Kries, Sloan*® 
ascribed the earlier part of the curve obtained from an achromat to the 
activity of high-threshold rods. On the contrary, Walls*) claims that cones 
would be responsible for the earlier 


In the present experiment, we analyzed the retinal processes of two 
typical congenital achromats by means of the method of electrostimulation, 
and found that there are two kinds of retinal process concerning scotopic 


One of our subjects was a typical congenital achromat aged 18. Her 
elder sister was a total color-blind, too. In this subject a relative central 
scotoma was found, although its boundary was not clear. Both photophobia 
and nystagmus were present. The other subject was a 36 years old man. 
He had four brothers among whom there was a total color-blind. 
no central scotoma was found. Photophobia and nystagmus were only 
slight. Color vision tests were made with Nagel’s anomaloscope. 

Electrical measurements were carried out as follows. After preliminary 
dark adaptation of about 20 minutes, the electrical sensitivity of the eye 
was measured with a rectangular pulse of 0.1 second. Similar measure- 
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ments were carried out at varying times following a brief illumination last- 
ing 0.5 seconds in most cases to determine the time course of the electrical 
excitability after the light stimulus. The effect of the light stimulus was 
expressed by a quantity € which represents a percentage increase in electrical 
excitability caused by the photic stimulus. 

We were afraid that the accuracy of electrical measurements might be 
lowered by the presence of nystagmus, but in reality, determination of 
electrical thresholds could be done in both subjects with higher accuracy 
and greater ease than in most normal beginners. The reason is not clear. 

It may be supposed that the simpler receptive mechanism in achromats 
would be favorable for such electrical measurements, because any confusion 
due to concurrent excitation of different receptive systems would not occur 
in them. 


RESULTS 


1. The twin process and the rod process 

Motokawa et al.5) showed that the curve of electrical excitability of the 
normal dark-adapted eye has a maximum at 4.5 seconds from the onset 
of a brief light stimulus of low intensity. This process was called “ the 
rod process’, because the height of the maximum depends on the wave- 
lengths of spectral lights in the same manner as does the scotopic visibility. 

Oikawa® found another kind of achromatic process which shows two 
maxima at 1.5 and 3.0 seconds from the end of the light stimulus, and 
designated the process “‘ the twin process”. The rod process is related to 
on-elements of the retina, because its crest appears always at 4.5 seconds 
from the onset of the photic stimulus. The twin process may be correlated 
with pure off-elements or on/off-elements, because its crests are closely 
connected with the end of the photic stimulus. 

When the intensity of any spectral light lies within certain limits, it 
elicits a sensation of light, but no sensation of hue. This range of intensities 
is, therefore, called the photochromatic interval for that kind of light. It is 
only within the photochromatic interval that the twin process appears in 
the normal retina. The rod process appears over a much wider range in 
the normal retina. Thus the two kinds of achromatic processes are dif- 
ferent not only with respect to the physiological mechanisms involved, but 
also in functional ranges of intensities. 

In Fig. 1, the rod process and the twin process obtained from our 
achromatic subjects are illustrated. It is to be noted that the only pro- 
cesses obtainable in achromats are such achromatic processes. The upper 
curve was obtained from subject A with spectral light of 510 my. There 
can be seen three maxima in the curve of which the earlier two belong to 
the twin process, and the latest one represents the rod process. As the 
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Fig. 1. 2-time curves obtained from two achromats, A and B. Ordin- 
ates: Percentage increases in electrical excitability over resting level. Ab- 
scissae: Time after end of illumination lasting 0.5 sec. Earlier two peaks 
belong to twin process, and the latest one to rod process. 


maximum at 1.5 seconds appears always hand in hand with the one at 
3.0 seconds, they constitute a unit process. The twin process composed 
of two maxima at 1.5 and 3.0 sec. can be separated from the rod process in 
the following manner: If the duration of the light stimulus is made longer 
than 4 seconds, the rod process does not appear any more, probably be- 
cause the process started at the onset of the stimulus comes to an end during 
the illumination. On the contrary, the twin process always appears how 
long the duration may be. 

As has been shown by Motokawa and others, the retinal color processes 
which are caused by yellow light and by blue light have a maximum at 
1.5 and 3.0 seconds respectively from the end of the light stimulus. Since 
the yellow process and the blue one agree with the two components of the 
twin process in their time course, it may be said that the twin process is 
composed of two complementary processes, yellow and blue, and that this 
constitution would be responsible for the achromatic function of the twin 
process. 

In Fig. 1B, ¢-time curves for three different spectral lights obtained 
from subject B are illustrated. The time courses agree with one another 
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within the experimental error of our investigation. This fact indicates 
that the form of each retinal process obtained from the achromat is in- 
dependent of the wavelengths of spectral lights. This is also the case with 
the normal, so far as the processes seen in the photochromatic interval are 
concerned. 

2. Dependence of the two achromatic processes of the achromat on the intensities 
of illumination 

In this series of experiments, a flash of white light lasting 40 msec. was 
used for pre-illumination, and ¢-values measured at 3.0 and at 4.5 seconds 
from the flash were used as measures for the twin process and the rod 
process respectively. The results obtained from subjects A and B are 
shown in Fig. 2. As can be seen in this figure, there are optimal ranges 
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Fig. 2. Dependence of rod process (continuous curves) and of twin 


process (broken curves) on intensities of illumination lasting 40 msec. A and 


B represent results obtained from two achromats. 


of intensity for the two kinds of processes ; the optimal intensity for the rod 
process is 10-* millilamberts, while that for the twin process is 10-1 millilam- 
berts. It is apparent that the twin process has a much wider working 
range of intensities than does the rod process. It is to be noted that this 
relation holds only for the achromat ; in the normal the working range for 
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the twin process is limited to the photochromatic interval, while the rod 
process can appear above the color threshold above which the twin process 
is replaced by the color process specific to the spectral light used. In any 
case, the two kinds of achromatic processes differ from one another with 
respect to their functional ranges of intensities. 

3. Spatial distribution of the two kinds of processes in the retina 

We have mentioned so far about the differences in properties of the 
two kinds of achromatic processes. In what follows, the properties com- 
mon to both processes will be described. 

The spatial distribution of each process in the retina was investigated, 
measuring ¢-values at various points on the temporal horizontal meridian 
of the retina. The values measured at 4.5 sec. from a flash of white light 
of a certain definite intensity were taken as a measure for the rod process 
and the values measured at 1.5 or 3 sec. for the twin process. The data 
obtained from subject B are shown in Fig. 3. The upper curve represents 
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Fig. 3. Spatial distribution of rod process (curve marked by dots) and 
of twin process (curve marked by triangles and crosses). Abscissae : degrees 
of eccentricity from center of fovea. 


the spatial distribution of the rod process, while the lower refers to the twin 
process. As can be seen in this figure, the two curves run parallel to each 
other, showing a maximum at about 20° from the fovea. These distribu- 
tions of the two processes resemble the spatial distribution of the density 
of rods determined by Osterberg. 

4. The spectral distribution of the rod process and the twin process obtained 


Srom achromats 


The two kinds of achromatic process behave alike not only in the 
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spatial distribution in tle retina, but also in the spectral distribution. This 
relation is illustrated in Fig. 4. The continuous curve connecting solid 
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Fig. 4. Spectral distribution of rod process (continuous curve marked by 
open circles) and of twin process (continuous curve marked by dots). Broken 
curve represents scotopic visibility curve by Wright. If expressed in per cent 
of maximal magnitude, curves for two processes agree with scotopic visibility 


curve. 


circles represents the magnitudes of the twin process expressed by € values 
at 3.0 sec., and the one connecting empty circles refers to the rod process 
whose magnitudes are expressed by € values measured at 4.5 sec. from the 
onset of the light stimulus. The spectrum used was an equal-energy 
spectrum. As can be seen in this figure, both curves are very similar in 
shape, having a maximum at about 507 my. The agreement of both 
curves is more perfect when the data are expressed in percentage of the 
maximal values. As is shown in the uppermost curve of Fig. 4, the data 
for the two kinds of process can be represented by a single curve. In 
other words, the two processes are identical with respect to the wavelength- 
dependence, and this fact may most easily be understood, if it is assumed 
that one and the same photochemical substance, visual purple, mediates 
the spectral sensitivity of both processes. 

The broken curve in this figure was drawn with Wright’s®) data for 
scotopic visibility of normals. It is surprising how closely our curve con- 
cerning achromatic process of the achromat agrees with the scotopic visi- 
bility curve of the normal. Motokawa e¢ al.5) and Oikawa ef al.7) showed 
that the spectral distribution curve of the rod process obtained from the 
normal fairly coincided with the normal scotopic visibility curve, but the 
agreement was not so satisfactory in their experiments on normals as in 
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the present experiment on achromats. In Oikawa’s experiment, the agree- 
ment became more and more satisfactory, as the measuring area moved 
further into the periphery of the retina. Oikawa accounted for this finding 
in terms of interaction between cones and rods. If the less satisfactory 
agreement found in the central parts of the retina is really due to some 
effect of cones upon rods, as Oikawa surmises, it is to be expected that in 
achromats agreement is more satisfactory, because there would be no or few 
cones to interfere with the activity of rods. Our experiment on achromats 
furnishes a verification of the notion. 

5. Dark-adaptation curves of achromats 

As has been mentioned above, dark-adaptation curves of some achro- 
mats show a kink similar to the one known as Kohlrausch’s kink in the 
normal dark-adaptation curve. In order to see whether or not any kink 
appeared in our subjects, the following measurements were carried out 
after a preliminary light adaptation for 5 minutes to white light of 1000 
millilamberts. The target used was 30 minutes or | degree in visual angle. 
It was presented just above a fixation point. Measuremts of light thresholds 
were done with Nagel’s adaptometer. 

Two dark-adaptation curves obtained from subject B are illustrated 
in Fig. 5. As can be seen in this figure, the curves consist of two parts, 
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Fig. 5. Dark-adaptation curves obtained from achromat, using test 
patches 30’ and 1° in visual angle. Ordinates: logarithms of threshold in- 
tensities (white light). Abscissae : time in minutes after onset of dark adapta- 
tion. 


showing a kink at about 5 minutes from the onset of dark adaptation. 
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DiscussIon 


As has been shown above, the twin process and the rod process are two 
different processes distinguishable by the time course of electrical excita- 
bility following illumination, but have common properties concerning 
spatial distribution as well as spectral distribution. Judging from their 
spectral distribution, it may be said that both processes are mediated by 
rhodopsin. . Oikawa suggested that some difference in nervous connec- 
tions in the retina may be responsible for the difference between the two 
processes, while the photochemical substance is the same for both processes. 
As has been shown above, the time courses of the two components of the 
twin process are the same as that of the yellow process and that of the blue 
process respectively. From these findings it may be supposed that some 
nervous elements produce a color process like the yellow or blue process, 
when connected with certain cone receptors, but produce a twin process, 
when linked with rod receptors. 

In any case, it is so important a fact that there are the two kinds of 
achromatic process in the retina of the achromat, because it furnishes an 
explanation for the puzzle concerning the dark-adaptation curve of the 
achromat mentioned above. 

Some investigators*’ are of the opinion that the cone receptors subserving 
blue sensations participate in scotopic vision, on the basis of their ex- 
perience that bluish-white sensations occur in response to achromatic 
stimuli under dark adaptation. Walls*) ascribed the first part of the dark- 
adaptation curve of the achromat to the cone receptors of this type. As 
a matter of fact, no retinal process to be identified with the blue process 
has so far been found in the retina of the achromat, but the two kinds of 
achromatic processes mentioned above are the only ones found in it. 

As stated above, Sloan ascribed the earlier part of the dark-adaptation 
curve of the achromat to hypothetical high-threshold rods, but evidence 
for the exsistence of the high-threshold rods is lacking. 

As is shown in Fig. 2, the magnitudes of responses are of the same order 
for both processes, when the intensity of illumination is lower than a certain 
limit, 10“ millilamberts in this case. In other words, the scotopic sensi- 
tivity of the rod process and the twin process is of the same order. At 
higher intensities of illumination the magnitude of the twin process is 
decidedly greater than that of the rod process, as can be seen in the figure. 
This finding may be so interpreted that the effect of light adaptation is far 
stronger upon the rod process than upon the twin process. The twin 
process which is more resistant to light adaptation will work predominantly 
over the rod process in the earlier stage of dark adaptation, but in the later 
stage the rod process will work togerther with the twin process. Thus the 
two parts of the dark-adaptation curve of the achromat will be established. 
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This is our explanation of the question raised by the previous investigators. 
We assume neither any participation of cones in achromatic vision nor 
existence of high-threshold rods, because no evidence for these assumptions 
is available. The difference in susceptibility to light adaptation of our 
two processes cannot be ascribed to any difference in photosensitivity of the 
rods concerning the two processes. Both processes are equally sensitive 
under dark adaptation, as has been mentioned above, and their spectral 
distribition of sensitivity is identical. These findings suggest that the rods 
initiating the two processes are equally sensitive. There is no reason to 
suppose that the respective rods should show different sensitivity only under 
light adaptation. We think the difference would be due to some difference 
in nervous organization for both processes. 

Granit and coworkers) reported that following high states of light 
adaptation, rhodopsin began to regenerate at once, but that the b-wave 
of the ERG remained very small (frog) or wholly absent (cat) until the 
rhodopsin had reached about 40 to 50 per cent of its maximal concentra- 
tion. Wald?” advanced an elaborate hypothesis concerning this relation, 
but he did not take any nervous mechanism into consideration which might 
be responsible for the discrepancy between the photochemical and neuro- 
physiological phenomena mentioned above. 

The decrease in magnitude of the rod process at too high intensities 
of illumination (see Fig. 2) may be accounted for in terms of neurophysio- 
logical inhibition more easily than in terms of the photochemical reaction. 
The higher susceptibility of the rod process to light adaptation compared 
with the twin process should likewise be ascribed to greater liability to 
inhibition of the nervous mechanism underlying the rod process. 


SUMMARY 


Retinal processes in two typical achromats were investigated by the 
method of electrostimulation. From measurements of time courses of 
electrical excitability of the eye following a brief illumination, two kinds 
of process were distinguished. 

1. The time courses of the two processes showed no dependence on 
wavelengths of lights, and their magnitudes varied like the scotopic visibility 
curve, as the wavelengths of spectral lights were varied. Therefore they 
were interpreted as subserving achromatic vision. 

2. The spatial distribution of both processes was found very similar 
to that of the density of rods in the retina. 

3. The two processes differed, however, with respect to intensity 
ranges of illumination which elicits them; the working range of the one 
process was from 10-6 to 10* millilamberts, and that of the other from 10-6 
to 10?, when tested with a flash of white light lasting 40 msec. 
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Dark-adaptation curves were obtained from the achromats. They 


showed two parts like a normal dark-adaptation curve. These two parts 
were accounted for in terms of the two kinds of achromatic process studied 


above. 


1) 


31, 459. 


3) 
4) 


478. 
6) 
7) 
8) 
9) 
10) 


References 


Wolffin, E., Klin. Monatsbl. f. Augenheilk., 1924, 72, 1. 
Hecht, S., Shlaer, S., Smith, E. L., Haig, C. & Peskin, J. C., J. Gen. Physiol., 1948, 


Sloan, L. L., J. Opt. Soc. Amer., 1954, 44, 117. 
Walls, G. L. & Heath, G. G., Acta Ophthalmol., 1954, 32, 253. 
Motokawa, K., Ebe, M., Arakawa, Y. & Oikawa, T., J. Opt. Soc. Amer., 1951, 41, 


Oikawa, T., Tohoku J. Exp. Med., 1953, 58, 69. 

Oikawa, T. & Kurosawa, T., ibid., 1954, 59, 333. 

Willmer, E. N., Retinal structure and colour vision, Cambridge Univ. Press. 1946. 
Granit,R., Munsterhjelm, A. & Zewi, M., J. Physiol., 1939, 96, 31. 

Wald, G., Science, 1954, 119, 887. 








The Tohoku Journal of Experimental Medicine, Vol. 66, No, 2, 1957 


>Y 
ts 
d 
Effect of Hexamethonium on the Augmented 
Adrenaline Secretion of the Adrenal 
Gland Causable by Insulin Hypoglycemia 
18, By 
: Kazukuni Yamashita 
(iy F — #8) 


From the Department of Physiology, Nagasaki University 
School of Medicine, Nagasaki 


(Received for publication, November 12, 1956) 


In view of the blocking effect of hexamethonium on the autonomic 
ganglia it is deemed desirable to ascertain whether the adrenal medulla is 
also paralysed by hexamethonium. 

The previously reported work’? provided evidence that the accelera- 
tion of adrenaline secretion causable by acetylcholine was definitely sup- 
pressed by hexamethonium. Following up these acetylcholine experi- 
ments, a further attempt was made in the present investigation to know 
how hexamethonium affects the augmented adrenaline secretion causable 
by insulin hypoglycemia. 

Some years ago, Schachter?) demonstrated in dogs that an application 
of insulin followed by hexamethonium produced more intensive hypo- 
glycemia than that without hexamethonium. From these results it was 
deduced by him that hexamethonium possessed the paralysing action on 
the adrenal medulla and suppressed the augmentation of adrenaline secre- 
tion causable by insulin hypoglycemia. The evidence presented by him 
is, however, an indirect one. In the present investigation experiments 
were made in estimating directly the rate of adrenaline secretion of the 
adrenal. 


EXPERIMENTAL 
Methods 


Dogs (8.1-14.8 kg. in weight), anesthetized with evipan-sodium, were 
experimented on. For collecting the adrenal venous blood, the lumbar 
route preparation of Satake et al.*) was applied. The blood pressure was 
recorded by a mercury manometer connected with the femoral artery. 
The blood sugar content was estimated by the method of Hagedorn and 
Jensen. 
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Five to 15 minutes before insulin injection, the initial adrenal blood 
specimens were collected. ‘Then, insulin was injected intravenously in a 
dose of 7 units per kg. of body weight. Thirty, 60, 70, 80 and 88 minutes 
after insulin the adrenal venous blood was collected. Ninety minutes 
after insulin, hexamethonium (Bistrium bromide, Squibb) was given in- 
travenously in a dose of 0.75 mg. per kg. Thereafter the adrenal blood 
was sampled at intervals. The adrenaline content of the sampled adrenal 
venous blood specimens was estimated colorimetrically by the Bloor & 
Bullen’s arseno-molybdic acid method,* adrenaline (Sankyo Co.) being 
taken as the standard. 


RESULTS AND DiscussION 


The data are shown in table I. 

As the control experiments, insulin alone was applied in 3 dogs without 
injecting hexamethonium. 

In Exp. 1, the blood sugar content, which was 0.106-0.107%, before 
insulin, decreased remarkably after insulin. It was determined as 0.072% 
30 minutes after insulin application and 0.064% 60 minutes. Thereafter 
it decreased further and 150 minutes after insulin it reached 0.041%. 

The initial adrenaline secretion rate in this dog was too small to be 
estimated. Thirty minutes after insulin injection the rate of adrenaline 
secretion was found to have increased to 0.15 wg. per kg. per minute, 30 
minutes later it increased further and 0.21 wg. was reached. ‘Then it was 
measured as 0.24 wg. 70 minutes after insulin, 0.26 ug. 80 minutes, 0.25 
ug. 88 minutes, 0.27 wg. 100 minutes, 0.21 wg. 110 minutes, 0.16 ug. 120 
minutes and 0.19 wg. 150 minites, respectively. 

A similar result was obtained in Exp. 2. 

The blood sugar content before insulin was 0.111%. It decreased 
markedly after insulin and was measured as 0.071% 30 minutes after in- 
sulin, 0.066% 60 minutes, 0.064 °% 88 minutes, 0.066% 120 minutes and 
0.072% 150 minutes. 

The adrenaline secyetion rate before insulin was immeasurably small. 
After insulin, the rate of secretion was found to increase and was deter- 
mined as 0.05 wg. per kg. per minute 30 minutes after injection, 0.07 yg. 
60 minutes, 0.09 wg. 80 miinutes, 0.10 wg. 88minutes, 0.12 ug. 100, 110 
and 120 minutes and 0.03 wg. 150 minutes, respectively. 

In Exp. 3, the blood sugar content decreased from 0.106-0.110% and 
30 minutes after insulin it reached 0.061%. Thereafter it decreased 
gradually and was measured as 0.054°, 60 minutes after insulin, 0.051% 
88 minutes, and 0.049%, 115 minutes, respectively. 

The initial rate of adrenaline secretion in this dog was 0.04 ug. per 
kg. per minute. It increased and reached 0.14 ug. 30 minutes after in- 
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sulin injection. It was measured as 0.10 ug. 60 minutes after insulin, 0.12 
ug. 70 minutes, 0.15 wg. 80 minutes, 0.25 wg. 88 minutes, 0.21 wg. 100 
minutes and 0.13 wg. 115 minutes, respectively. 

The hexamethonium-experiemnts were performed in 4 dogs. 

In Exp. 4, the blood sugar content before insulin was 0.119—0.120%,. 
It was reduced by insulin injection and 60-88 minutes after injection it 
was determined as 0.060-0.064%. Then hexamethonium was given. 
After hexamethonium blood sugar content increased only slightly. 

The initial adrenaline secretion rate was in this experiment 0.02 ug. 
per kg. per minute. After insulin it increased. It reached 0.13 ug. 60 
minutes after insulin and it was measured as 0.17 wg., 0.38 wg. and 0.30 
ug. 70, 80 and 88 minutes after insulin, respectively. Ninety minutes 
after insulin, hexamethonium was injected. Then the rate of adrenaline 
secretion was found to have decreased remarkably. It was estimated to 
be 0.08 ug. 5 minutes after hexamethonium, 0.04 wg. 10 minutes, 0.03 ug. 
20 minutes and 0.01 ug. 60 minutes. 

In Exp. 5, the blood sugar content before insulin was 0.115%. Thirty, 
60 and 80 minites after insulin it was determined as 0.063%, 0.058% and 
0.054%, respectively. Then, hexamethonium was injected. The blood 
sugar content was gradually decreased. 

Before insulin, the adrenaline secretion rate was 0.01 wg. per kg. per 
minute. Thirty minutes after insulin it was increased and measured as 
0.09 ug. Sixty, 70, 80 and 88 minutes after insulin it was found to be 
0.13 ug., 0.28 uwg., 0.17 wg. and 0.13 wg., respectively. Hexamethonium 
was given 90 minutes after insulin. On receiving hexamethonium the rate 
of secretion was decreased markedly and was measured as 0.02 wg. per kg. 
per minute 10 minutes after hexamethonium, immeasurably small 20 
minutes and 0.006 wg. 50 minutes, respectively. 

In Exp. 6, the blood sugar content was reduced from 0.123-0.124% 
to 0.060% within 30 minutes after insulin. From 60 to 80 minutes after 
insulin it was 0.054%. Then the injection of hexamethonium was made. 
The blood sugar decreased further and reached 0.048% 140 minutes after 
insulin. 

The basal rate of adrenaline secretion in this experiment was 0.05- 
0.06 ug. per kg. per minute. After insulin the rate of secretion was found 
to increase and was determined to be 0.23 wg. per kg. per minute 30 minutes, 
0.21 wg. 60 minutes, 0.23 wg. 70 minutes, 0.22 wg. 80 minutes and 0.25 ug. 
88 minutes after insulin. Ninety-five minutes after insulin application, 
hexamethonium was injected. The rate of secretion then decreased re- 
markably and it was 0.03 wg. per kg. per minute 10 minutes after hexame- 
thonium, 0.02 wg. 30 and 45 minutes. 

In Exp. 7, the blood sugar content decreased from 0.112-0.114% to 
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TABLE I 


The Adrenaline Secretion Rate after Insulin 


with and without Hexamethonium 
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(A) Insulin 
Exp. 1. Dog 14.8kg. 2 
before 
wi 4 3.8 30 | 0.51 3 0.107 | 140 | 160 | 23 | 390/ 14 
5 2 4.0 30 | 0.54 * 0.106 | 136 | 136 | 25 | 389); 14 
Intravenous injection of insulin (7 units per kg.) 
after 
30 3 6.4 30 | 0.87 | 0.17 | 0.15 | 0.072 {| 132 | 156 37 39.0 | 14.5 
60 4 4.1 20 0.83 | 0.25} 0.21 | 0.064 | 114 | 160 | 40 39.0 | 14.5 
70 5 3.0 20 0.61 | 0.39 | 0.24 | 0-059 | 106 | 166 | 43 39.1 | 14.5 
80 6 3.0 20 0.61 | 0.42| 0.26! 0.055 | 128 | 170 36 $9.1 | 14.5 
88 7 3.1 20 | 0.63] 0.39} 0.25| 0.054 | 106 | 175 | 40 | 39.1] 14.5 
100 8 3.4 20 | 0.69] 0.38 | 0.27 | 0.047 | 110 | 194 36 38.9 |} 14.5 
110 9 3.4 20 | 069} 0.30] 0.21 | 0.045 | 112 | 198 | 36 $8.9 | 145 
120} 10 3.4 20 0.69 | 0.23 | 0.16 | 0.045 | 110 | 200 36 38.7 | 14.5 
150} 11 3.3 20 0.67 | 0.28 | 0.19 | 0.041 106 | 165 22 38.8 | 14.5 
Exp. 2. Dog 13.3kg. 6 
before 
15| 1 1.7 | 30 | 0.26) * 0.111 138 | 130 52. | 388| 19 
s| ‘2 7 Sl O26) * 0.111 136 | 148 58 | 388! 19 
Intravenous injection of insulin (7 units per kg.) 
after 
30 3 19 30 0.29 | 0.18 | 0.05 | 0.071 122 | 150 | 70 | 38.1 19 
60 4 1.7 30 0.26 | 0.27 | 0.07 | 0.066 | 122 | 146 | 66 37.9 | 19 
70 5 1.3 30 6.20 | 0.30 | 0.06} 0.064 | 116 | 148 | 68 37.8 | 19 
80 6 2 30 |,0.32 | 0.28| 0.09 | 0.064 | 118 | 150 52.1 37.41 19 
88 7 yy 30 0.33 | 0.31 | 0.10} 0.064 | 108 | 142 62 37.5] 19 
100 8 le 30 0.27 | 0.43 | 0.12 106 | 146 | 56 | 37.4] 19 
110 9 1.8 30 0.27 | 0.46 | 0.12 | 0.067 | 108 | 150 | 58 | 37.5} 19 
120} 10 2.0 30 0.30 | 0.41 | 0.12 | 0.066 | 104 | 148 | 52 $7.5] 19 
150 | 11 1.6 30 | 0.24] 0.14 | 0.03 | 0.072 | 110 | 158 | 48 | 37.4] 19 
Exp. 3. Dog 8.1lkg. 9 
before 
15 | 20 | 3 0.49 | 0.08 | 0.04 | 0.106 | 116 | 170 | 20 | 383 | 15.5 
a - 18 | 30 0.44 | 0.09 | 0.04 | 0.110 | 122 | 158 | 22 | 381 | 15.5 
Intravenous injection of insulin (7 units per kg.) 
after 
30 3 1.6 30 | 0.40 | 0.36 | 0.14 | 0.061 110 | 135 23 37.8 | 15.5 
60 4 25 60 | 0.31 | 0.33 | 0.10} 0.054 | 102 | 132 20 37.8 | 15.5 
70 5 | 22 60 0.27 | 0.43 | 0.12 | 0.053 | 104 | 148 22 37.2 | 15.5 
80 6 | 14 30 0.35 | 0.42 | 0.15] 0.051 104 | 165 21 37.1 15.5 
g8| 7 | 1.3 | 30 | 032] 0.77] 0.25} 0.051 | 100 | 160 | 25 | 37.0 ) 155 
100 8 | bs 30 0.32 | 0.67 | 0.21 | 0.049 | 102 | 165 24 36.9 | 15.5 
m5] 9 | 17 | 60 | 0.21 | 0.61 | 0.13 | 0.049 | 98 | 164 | 18 | 369] 15.5 
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(B) 


Exp. 4. Dog 9.4kg. 6 








* Less than 0.05 seg. 
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Insulin-Hexamethonium 
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1 18 | 30 | 9.37 | 0.06 | 0.02; 0.120 | 154 | 220 | 
2 1.7 | 30 | 0.35 | 0.06 | 0.02} 0.119 | 152 | 185 
Intravenous injection of insulin (7 units per kg.) 
3 1.8 30 0.37 | 0.24 | 0.09 | 0.112 | 140 | 203 
+ 1.9 30 0.41 | 0.31 | 0.13 | 0.064 132 215 
5 2.0 30 0.43 | 0.40 | 0.17} 0.060 | 132 | 215 
6 2.5 30 0.53 | 0.72 | 0.38 | 0.062 | 126 | 200 
7. hme 30 0.57 | 0.52 | 0.30 | 0.064 | 130 205 
Intravenous injection of hexamethonium (0.75 mg. per kg.) 
8 1.7 30 0.35 | 0.22 | 0.08 0.068 90 144 
9 1.5 30 0.33 | 0.11 | 0.04 92 | 134 
10 1.3 30 0.28 | 0.09 | 0.03 78 | 133 
11 18 | 30 | 0.37} 0.13 | 0.04| 0.071 76 | 138 
12 | 1.7 | 30 | 0.35] 0.03} 0.01 |: 0.075 | 80 | 140 
Exp. 5. Dog 9.5kg. 6 
1 | 14 | 30 | 0.29 | 0.05) 0.01) 0.115 | 134 | 145 
29 | 141] 30 | 029] * | 0.115 | 134 | 145 
Intravenous injection of insulin (7 units per kg.) 
| 17 30 0.36 | 0.26 | 0.09 0.063 | 134 122 
4 | 18 30 0.38 | 0.33 | 0.13 | 0.058 | 128 | 135 
oS |, oe 30 0.40 | 0.71 | 0.28 132 | 126 
6 | 1.7 | 30 | 036} 0.47| 0.17] 0.054 | 104 | 133 
Fa eee 30 0.42 | 0.32 | 0.13 102 | 135 
Intravenous injection of hexamethonium (0.75 mg. per kg.) 
8 2.0 | 60 | 0.21 | O.11 | 0.02] 0.051 | 74 86 
9 | 1.7] 60 | O18) * 0.041 | 64 | 80 
10 1.0 90 0.07 | 0.08 | 0.006 0.039 | 94 111 
Exp. 6. Dog 10.1kg. 6 
] 2.3 | 30 | 0.46 | O11 | 0.05 | 0.123 140 185 
2 2.2 30 | 0.44] 0.13 | 0.06; 0.124 | 140 | 192 
Intravenous injection of insulin (7 units per kg.) 
S| 2a 30 0.42 | 0.54 | 0.23 0.060 124 132 
4 | 18 30 0.36 | 0.59 | 0.21 | 0.054 | 132 | 160 
5 | 1.8 30 | 0.36} 0.64} 0.23 | 0.054 | 124 | 175 
6 | is 30 0.30 | 0.74 | 0.22} 0.054 | 118 | 165 
7 | 16 30 0.32 | 0.79 | 0.25 | 0.053 | 120 | 148 
Intravenous injection of hexamethonium (0.75 mg. per kg.) 
8 | 14 60 0.14 | 0.24 | 0.03 | 0.047 88 | 130 
9 | 1.8 60 0.18 | 0.13 | 0.02 | 0.047 | 104 | 136 
tO.) tS 60 0.15 | 0.16 | 0.02 | 0.048 | 100 135 
Exp. 7. Dog 14.0kg. 6 
l 1.8 60 0.13 | 0.16 | 0.02 0.112 146 | 165 
2 1.9 60 0.14 | 0.15} 0.02 | 0.114 | 120 
Intravenous injection of insulin (7 units per kg.) 
3 | 15 60 0.11 | 0.31 | 0.03 | 0.066 112 180 | 
4112 60 | 0.09 | 0.66 | 0.06 | 0.051 94 | 163 
& } 2 60 0.09 | 0.60 | 0.05 | 0.047 94 | 170 
6 | 18 60 0.13 | 0.64 | 0.08 | 0.045 98 | 175 
7 | 1.4 60 0.10 | 0.68 | 0.07 | 94 | 165 
Intravenous injection of hexamethonium (0.75 mg. per kg.) 
8 15 | 60 0.11 | 0.12 | 0.01 | 0.039 70 | 121 
9 1.8 90 0.09 | 0.22 | 0.02! 0.035 72 | 133 
id 1.3 60 0.09 | 0.22 | 0.02 | 0.035 74 | 120 
1] 1.9 60 0.14 | 0.15 | 0.02 | 0.030 82 128 | 
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0.066% 30 minutes after insulin and it was 0.045% 80 minutes, 0.039% 
100 minutes, 0.035%, 120 minutes and 0.030°% 150 minutes after insulin. 

In this experiment, the initial adrenaline secretion rate was 0.02 ug. 
per kg. per minute. On receiving insulin, the rate of secretion was measure- 
ed as 0.03 wg. 30 minutes after insulin, 0.06 ug. 60 minutes, 0.05 wg. 70 
minutes, 0.08 ug. 80 minutes and 0.07 wg. 88 minutes, respectively. Hexa- 
methonium was then injected. The secretion rate of adrenaline was de- 
creased and was measured as 0.01 wg. per kg. per minute 10 minutes after 
hexamethonium and 0.02 wg. 20, 30 and 60 minutes. 

Comparing the results obtained in the hexamethonium-experiments 
mentioned above with those of the control ones, it is evident that the 
augmented adrenaline secretion causable by insulin hypoglycemia is sup- 
pressed by the application of hexamethonium. 

In my previous investigation it was proved that the augmentation of 
adrenaline secretion causable by acetylcholine was inhibited by hexame- 
thonium. Since acetylcholine acts exclusively peripherally on the adrenal 
medulla to accelerate the adrenaline secretion, it is sure that in this case 
the site of action of hexamethonium is the adrenal medulla itself. 

Therefore it is reasonable to suppose that in the case of insulin hypo- 
glycemia, which acts through the central mechanism to augment the 
adrenaline secretion in releasing acetylcholine at the terminals of adrenalino- 
secretory nerve fibres, hexamethonium suppresses the augmentation of 
adrenaline secretion also by acting directly on the adrenal medulla. 


SUMMARY 


In dogs anesthetized with evipan-sodium, the adrenal venous blood 
specimens were collected through the lumbar route preparation. The 
adrenaline content of the specimens was measured colorimetrically by 
means of the Bloor & Bullen’s arseno-molybdic acid method. The blood 
sugar content was also determined simultaneously. 

Insulin was applied intravenously in a dose of 7 units per kg. of body 
weight. The adrenaline secretion rate was increased gradually, and from 
1 to 2 hours after insulin a definite increase was invariably observed. At 
the height of augmentation of adrenaline secretion, hexamethonium was 
injected intravenously in a dose of 0.75 mg. per kg. In all cases the secre- 
tion rates were cut down to low levels by hexamethonium,. It was mea- 
sured in 3 cases as 0.02—0.04 ug. per kg. per minute after hexametho- 
nium against 0.13-0.30 wg. before hexamethonium. In one case, it was 
0.01 ug. against 0.07 ug. 

Thus it is concluded that hexamethonium acts to inhibit the accelerat- 
ing adrenaline secretion causable by insulin hypoglycemia. 
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